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BIOLOGIC AND EPIDEMIOLOGIC ASPECTS OF TUBERCULOSIS! ? 
RENE J. DUBOS 


Statistics were not necessary to alert the public to the importance of tuberculo- 
sis when your Association was founded fifty years ago under the name of the 
Committee on Prevention of Tuberculosis of the Charity Organization Society. 
At that time, the cough of the tuberculous was heard everywhere in our com 
munities; a feverish glow betrayed the advanced stage of consumption in two out 
of every hundred persons and foretold of their death within a few years. Tubercu- 
losis was then the White Plague, the greatest single cause of disease, destruction, 
and death in Western Europe and North America. It found its victims chiefly 
among young men and women in their prime. 

The antituberculosis campaigns of the beginning of the twentieth century were 
born in this tragic atmosphere. The fact that tuberculosis was then a personal 
experience in the life of every individual certainly helped in giving to the move- 
ment its popular appeal. But fear of the disease and compassion for those who 
suffered would not alone have been sufficient to start the antituberculosis move- 
ment on its way. Tuberculosis was not a new plague in the Western World and, 
in fact, it had been prevalent in the cities of Europe and North America all 
through the nineteenth century. For a long time, however, it had been accepted 
as an unavoidable fate, with a sense of despair and resignation. It was the wide- 
spread conviction that nothing could be done to control tuberculosis which made 
Dickens speak of it in Nicholas Nickleby as “the disease which medicine never 
cured, wealth never warded off.” 

Three discoveries brought about a complete change in this attitude in the 
latter part of the nineteenth century. Noticing that tuberculosis was particularly 
destructive among the poor, sociologists and humanitarians reached the con- 
clusion that susceptibility to it was greatly affected by factors of the social en- 
vironment and that, consequently, some measure of control over the epidemic 
could be achieved by way of social reforms. Then it was found that prolonged 
rest and good food in pleasant surroundings could go far toward helping the 
stricken individual to overcome his disease or at least to live in relative comfort 
with it. This led to the development of sanatoriums and encouraged the hope 
that the physiologic factors affecting resistance to tuberculosis would soon be 

' From the Rockefeller Institute for Medical Research, New York, New York 

2? Address made before the Fiftieth Anniversary Meeting of the New York Tuberculosis 
and Health Association on November 21, 1952 
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RENE J. DUBOS 
defined in precise medical terms. Finally, the discovery of the tubercle bacillus 
in I882 removed the sense of mystery which had heretofore surrounded the 
disease. By making it possible to trace the causative agent through the com- 
munity, it prov ided a concrete target at which to shoot. The conclusion appe ired 
inescapable for a time that, by finding and destroying the bacilli, one would 
eventually eradicate the disease. This new knowledge and the atmosphere of 
hope which it engendered soon converted passive and resigned compassion into a 
fighting faith. The antituberculosis movement synthesized in one single crusade 
the efforts of sociologists, humanitarians, and hygienists to improve the fate of 
the destitute by social reforms; to strengthen the human body by advocating a 
healthy way of life; to control infeetion by tracking and destroying the tuberele 


bacilli. 
* * * * * 


Our meeting today is held in a very different atmosphere. The cough of the 
tuberculous is no longer heard in public places; most laymen and even many 
physicians are becoming unfamiliar with the symptoms, sufferings, and despair 
of victims of tuberculosis. This is due, in large part, to the immense progress 
made during the past fifty years in the conquest of the disease, as witnessed by 
the spectacular decrease in its mortality. The annual tuberculosis mortality in 
Cireater New York was 242 per 100,000 population in 1002; it will be not much 
hivher than 21 in 1952— better than a tenfold decrease in a period of fifty years 
But this spectacular triumph over death, which we so justifiably advertise, is 
clouded by our failure to prevent disease. Particularly of tuberculosis can it be 
said that ‘Medicine knows little of the secret of curing and has mastered only the 
art of prolonging illness.” If the cough and fever of tuberculosis are no longer 
haunting our cities, it is, in part at least, because a large percentage of tubercu- 
lous patients are now segregated in specialized hospitals and sanatortums where 
they live a crippled existence on the margin of normal society. 

\lthough we have thus artificially removed tuberculosis from our consciousness 
by removing its vietim from our daily experience, the never-to-be-forgotten 
fact is that there are today some 35,000 to 40,000 persons with active tuberculosis 
in New York City alone, 400,000 in the United States, not to speak of 
the 50,000,000 tuberculous in the rest of the world. More than half of the adult 


population of our city reacts positively to tuberculin, a fact which proves that 


most of us are infected by contact with tuberculous persons in the course of our 
normal lives. and become from then on carriers of living, virulent bacilli. It is 
becoming evident that the morbidity rate is not falling as fast as the mortality 
rate. In New York City, for example, there were 17,645 known cases ot pulmonary 
tuberculosis in 1931; the number was still 17,499 in 1952, twenty years later. 
And these figures do not tell the whole story, for it is well known that a large 
percentage of tuberculous patients (probably close to 50 per cent) are never 
entered in official records and continue to forge unsuspected the chain of in- 
fection among their fellow men. In other words, we have been more successful 
in retarding death from tuberculosis than in protecting against infection or in 


curing the disease 
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The basis and significance of these statements could readily be documented by 
figures and graphs, but it hardly seems necessary to present here again the 
statistical analysis of the problem so well and so completely developed by others, 
in particular by the officers of this Association. 

The fact that the fall of tuberculosis mortality is more the consequence of 
better and continued medical care than of decreased incidence of infection and 
disease is well illustrated by events of the two World Wars. The death rate in 
Europe began to increase within a very few months after the beginning of hos- 
tilities, much too soon to reflect new cases of infection contracted as a result of 
the war. Moreover, the death rate returned again to its prewar level as soon as 
conditions became more stable. Likewise, the tuberculosis death rate in ( vermany 
increased with the inflation in that country after the first World War and de- 
creased again when the German currency and economy became stable. This close 
correlation between social disturbances and mortality rates suggests that in most 
civilized communities large numbers of tuberculous patients live in unsteady 
equilibrium with their disease and survive only as long as a peaceful, comfort- 
able, and a protected environment is provided for them. 

By rendering more effective the therapeutic procedures based on rest and good 
nutrition, the recent advances in surgery and in chemotherapy have added many 
years of survival to persons who would have rapidly died of tuberculosis in the 
past. But, although medical science has been fairly successful in helping the 
tuberculous patient to arrest the progress of his disease, there exists as yet no 
therapeutic procedure which can be depended upon to eradicate all of the tu- 
berele bacilli from his body. In other words, drugs or surgery rarely bring about a 
complete cure. This fact, of enormous practical importance, is the outcome of 
pathologie characteristics peculiar to tuberculous infection 

The toxic effects of virulent tubercle bacilli and of their products eventually 
bring about the death of the tissues’ cells with which they come in contaet. In 
stead of being rapidly and completely removed—as in many other pathologic 
processes—-the dead tissue of the tuberculous lesion persists for a very long time 
in a form which is known as caseous matter because of its cheeselike consistency 
The caseous lesion provides a peculiar environment for the bacilli. If the lesion 
becomes enclosed in a capsule surrounding it completely, the bacilli which it 
contains stop multiplying and eventually die a natural death, but only very 
slowly. On the other hand, the caseous matter protects the bacilli against many 
influences injurious to them, not only against normal defense mechanisms of the 
bhedy, but also against antimicrobial drugs. Thus, although different forms of 
medical treatment, including antituberculous drugs, are on the whole effective 
in stopping the active phases of tuberculous disease, they usually fail to free the 
caseous lesion of the bacilli which it contains. It is the prolonged survival of 
bacilli in these lesions which accounts in large part for the reoccurrences of disease 
in the tuberculous individual and for the persistence of a huge reservoir of in 
fection in the community 

We shall not consider here the variety of factors which can be the cause of new 


outbursts of multiplication of the bacilli once dormant in the lesions. Suffiee it to 
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mention that influences apparently as unrelated as puberty, fatigue, malnutri- 
tion, uncontrolled diabetes, emotional disturbances, et cetera all appear to favor 
reactivation of tuberculosis. The well-documented effect of age on susceptibility 
to tuberculosis illustrates in a dramatic manner the hazard entailed in a dormant, 
symptomless infection. ‘The tuberculosis mortality is so low in children five to 
fifteen years old that this period of life has been called the “golden age” of re- 
sistance to tuberculosis. By contrast, susceptibility becomes high shortly after 
puberty and during early adulthood. It would be erroneous to conclude from these 
facts, however, that tuberculosis infection contracted during childhood is of little 
consequence. While it is true that infection rarely proceeds to a catastrophic 
outcome between the ages of five to fifteen, the bacilli of primary infection often 
survive in the tissues and are ready to cause progressive disease as soon as re- 
sistance is weakened in subsequent years. As was beautifully demonstrated in 
the long follow-up studies carried out by Dr. Edith Lincoln in this city, the mild, 
inapparent infection of early adolescent years may be the origin of the destrue- 
tive tuberculosis of puberty or adulthood. 
* * * * * * * * 

Where are the sources of infection? Now that bovine tuberculosis has been 
practically (although not yet entirely) wiped out from the United States, human 
carriers are almost the only sources of bacilli. For a long time, young adults with 
massive and rapidly progressive tuberculosis were regarded as constituting, not 
only the largest group of victims of the disease, but also of spreaders of the 
infection. The situation is now very different in most countries of western civiliza- 
tion, and in this city in particular. For a number of reasons that need not be 
discussed here, it is more and more in the older age groups, and more specially 
among men, that the largest amount of pulmonary tuberculosis is found today. 
For example, the Veterans Administration has under its care and financial re- 
sponsibility more than 100,000 tuberculous persons, a number which will cer- 
tainly increase from year to year as the Veteran population ages. This situation 
has tangible consequences for the American taxpayer; but, it also has other less 
obvious and more important implications from the point of view of tuberculosis 
control in the community as a whole. 

The adult and older men, who constitute today the most important reservoir 
of infection, are also the group least readily reached by sereening programs and 
least able or most reluctant to abandon their ordinary occupations for the pur- 


pose of seeking segregation and treatment in sanatoriums and other tuberculosis 
hospitals. Moreover, as already mentioned, a very large percentage of tuberculous 
persons remain unknown to public health authorities, and their lesions are gener- 


ally extensive and many months or years old when they finally come to medical 
attention. The fact that most patients are in a fairly advanced stage of disease 
when their tuberculosis is first diagnosed is of extreme importance, not only 
because it adds difficulties to their treatment, but, even more, perhaps, because 
it is responsible for giving these persons countless opportunities to infect, un- 
wittingly, many of the human beings with whom they come into contact. 

Since there is at present no method of vaccination, no therapeutic procedure, 
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no drug or combination of drugs which can be depended upon to destroy all the 
virulent bacilli in the infected individual, we cannot hope for eradication of 
tuberculosis in the near future. There are too many chances for infection in the 
ordinary course of social contacts. But we need not despair, for we have barely 
begun to explore and exploit the techniques of control which transformed resig- 
nation into fighting faith during the pioneering days of the antituberculosis 
movement. 

Today, as fifty years ago, it is in the least favored social classes that tuberculo- 
sis causes most of its ravages. Even should selfishness makes us oblivious to the 
sufferings of others, the interdependence of all human beings in most matters of 
health makes it obvious that tuberculosis affects directly or indirectly the whole 
social body and, therefore, constitutes a constant threat to everyone. Through 
countless and unavoidable social contacts, the tubercle bacilli bred in Harlem 
become dispersed in all the subways, buses, and taxis of our city, in its schools 
and homes, in its restaurants and nightclubs. To take but one example, some two 
per cent of medical students and nurses contract tuberculosis while attending 
patients not even known to suffer from the disease. It is good economics for the 
well-to-do-members of the community to participate in the programs designed to 
detect, help, and shelter the tuberculous individual who cannot afford to take 
care of himself. 

The detection of tuberculous patients has long been, of course, a cardinal 
feature of all antituberculosis campaigns. But it must be acknowledged that the 
techniques of detection available at the present time fall short of the ideal, 
depending, as they do generally, upon the findings of lesions by X-ray pho- 
tography or fluoroscopy, techniques which do not permit the recognition of the 
very early phases of tuberculosis. By the time that they become visible by roent 
genography, tuberculous lesions have already reached fairly large dimensions 
and consist of caseous matter. And it will be remembered that caseous matter 
provides for the bacilli an environment in which they can long survive despite 
otherwise successful therapeutic procedures. 

It is probable that much more sensitive diagnostic techniques, capable of de 
teeting tuberculous infection in its very early phase, can and will be developed 
In fact, the classical tuberculin test probably could serve this purpose if it were 
carried out more systematically than it is at the present time. The conversion of 
an individual from the tuberculin-negative to the tuberculin-positive state al 
ways betrays a recent infection, except where vaccination has been practiced 
The possibility of such early diagnosis could be of great importance for the 
control of tuberculosis since it often yields a clue for tracing the infection to its 
origin: a spreader of bacilli who is a danger to other members of the community 
Moreover, it is not unlikely that, if infection could be detected in its very early 


phase, therapeutic procedures would be developed to destroy the bacilli, thus 


making it possible to actually eradicate the disease. 
* * * * * * 
It was at first hoped, and it may still come to pass, that vaccination would help 
in breaking the chain of infection by rendering exposed persons immune to tu 
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berele bacilli. There is much evidence in fact that resistance to tuberculosis can 
be slightly increased by injection of vaccines consisting of killed bacilli or of living 
bacilli of attenuated virulence like BCG. But the immunity thus induced is at 
best partial and certainly does not prevent virulent bacilli from getting a foot- 
hold in the body. Moreover, all known techniques of vaccination render the 
vaccinated individual positive to the tuberculin test and thus deprive the physi- 
cian of the only specific procedure at his disposal for the early diagnosis of 
infection. Continued research may eventually yield new types of vaccine more 
effective and less objectionable. But, for the time being, the available techniques 
of vaccination—granted that they are of some use in special circumstances—can- 
not be depended upon to control the spread of infection. We must accept the 
fact that for many years to come a large segment of the population will remain or 
become infected with virulent tubercle bacilli. In a certain indefinite percentage 
of these infected persons, dormant infection will evolve some day into active, 
progressive tuberculosis. For this reason, it is wise that, in the words of Dr. 
Edwards and Mr. Drolet: “we raise our sights from the cemeteries and the pre- 
mature graves to the living tuberculous who really need our attention and for 
whom we can do something constructive.” 

It has been recognized for many centuries that resistance to destructive pul- 
monary disease is much affected by living conditions. This belief is very properly 
reflected in the campaign posters of the antituberculosis movement all over the 
world advocating good food, fresh air, rest, and happy moods. But while there is 
no doubt that “good, healthy living’? promotes resistance to tuberculosis, it 
must be acknowledged that little progress has been made toward defining the 
precise factors which affect the course of the disease. In the early Christian era, 
the monks of the Salerno school of medicine promoted a formula of health which 
held sway for many centuries and was translated in all European languages. 
In the words of the medieval monks: 

Use three Physicians still, first Doctor Quiet, 
Next Doctor Mery-man, and then Doctor Dyet. 


We still hold to these wise principles, but, unfortunately, we have not gone far 
beyond them. And yet there is certainly more to physiologic well-being than three 
square meals a day and prolonged bed rest. 

Although systematic study of this aspect of the problem has been grossly 
neglected so far, there is much reason to believe that efforts aimed at increasing 
the general resistance of the body would contribute to progress, not only in the 
control of tuberculosis, but also in that of several other infectious diseases as 
well. It is a remarkable fact that the death rate of several bacterial respiratory 
infections follows a course parallel to that of tuberculosis. 

For lack of precise knowledge, the factors which control the resistance of the 
body to infection can be listed most usefully as questions which need intensive 
and original research, rather in the form of dogmatic statements. Everyone is in 
favor of “good nutrition,” but, despite many claims, it is not known which ones, 
if any, of the dietary constituents play a role of particular importance in stimu- 
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lating resistance to infection. The low mortality in children five to fourteen years 
old and the sudden increase in mortality rate after puberty suggest that some 
hormonal factors may prevent infection from manifesting itself in the form of 
clinical disease in this age group, but this is mere presumption, as yet unsup- 
ported by convincing factual evidence. There seems to be little doubt that 
physical and intellectual fatigue, as well as painful emotions, decrease resistance 
of the body to infection; but the physiologic mechanisms which determine these 
important relationships are totally unknown. 

Despite all this ignorance, however, a belief shines as a beacon to guide our 
efforts. It is that the defense mechanisms of the body which promote resistance 
to infection appear to be closely related to the physiologic processes which make 
for good health—-good health being here measured in the terms broadly referred 
to as well-being by the layman. The inner logic of the program of antituberculosis 
associations should lead them to become truly health associations. For it can 
hardly be doubted that, in final analysis, health is a positive attribute rather 


than merely the absence of disease. 


* > * * * * * * 


Any objective student of the epidemiology of tuberculosis cannot fail to notice 
that the mortality of the disease had begun to fall much before the antitubercu- 
losis campaigns had gained momentum. Furthermore, as already mentioned, 
long-range statistics reveal that a decrease in mortality parallel to that observed 
in the case of tuberculosis had been taking place for other respiratory diseases 
as well—pneumonia, for example—against which organized campaigns of con- 
trol did not begin until the late nineteen twenties. It has often been concluded 
from these facts that the progressive disappearance of respiratory diseases is a 
natural phenomenon, in which the efforts of medical science have played only a 
little part. This, I believe, is an erroneous conclusion. In reality, we are now reap- 
ing the rewards of a health movement initiated long ago, in the early part of the 
nineteenth century. It began as the expression of an outburst of social conscience 
when public-minded citizens came to realize that the new wealth of the In- 
dustrial Revolution was being created at the cost of a terrific toll of disease in 
the tenements surrounding mines and factories. By proclaiming that pure water, 
pure air, pure food, decent lodging were essential to the life of man in society, 
the public-minded physicians and the humanitarians did much toward eliminat- 
ing the grossest evils of industrial civilization. The fall in the tuberculosis death 
rate was but one result of the gospel of healthy living which they preached. After 
1880, the acquisition of bacteriologic science gave a better scientific basis on 
which to extend and refine the public health practices first initiated during the 
pioneering days of the Sanitary Awakening and thus permitted a rational ap- 
proach to tuberculosis control. 

Each generation has its social responsibilities. Ours are harder to perceive 
because, unlike our ancestors, we have little occasion to experience contact with 
hosts of people dying of obvious tuberculosis in the midst of our cities. The gen- 
erous emotions which are the motivating power of all creative social enterprise 


must now be generated from the knowledge of cold statistics instead of through 
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the blood-stirring effect of direct experience. But cold statistics can also be elo- 
quent. They tell of thousands of hospital beds, of hundreds of millions of dollars 
paid out of public funds, of even greater economic losses caused by decreased 


productivity due to tuberculosis. Even more, they call to mind many thousands 
of our fellow men living a crippled existence in silent despair, with broken homes, 
shattered hopes, potentialities unfulfilled. 

All this can be prevented, for it is known that societies have existed and still 
exist almost completely free of tuberculosis. This was the happy fate of many 
primitive people before the white man came to disturb the wisdom of their 
ancestral way of life. More important from our point of view is the fact that there 
are today communities in the industrialized Western World which were once 
riddled with tuberculosis and which have now all but eradicated the disease. 
Thus, it is certain that tuberculosis is not an inescapable component of human 
society. It is always the result of gross defects in social organization and in the 
management of individual life. It is truly a social sin which can and must be 


stamped out. 
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GENERAL POPULATION ROENTGENOGRAPHIC SURVEYS: 
SUBSEQUENT COURSE OF PERSONS CONSIDERED 
TO HAVE TUBERCULOSIS' 


WENDELL R. AMES ann MILLER H. SCHUCK 
(Received for publication December 10, 1952) 


INTRODUCTION 


For somewhat more than the last ten years, roentgenographic chest surveys 
of the general population have been actively promoted to supplement the more 
traditional methods of tuberculosis case finding. Several studies of the effec- 
tiveness of the roentgenographic method have been made (1, 2, 3, 4, 5) but a 
number of questions remain unanswered. Ideally, such a screening method 
should select from the general population that group most likely to suffer sub- 
sequent illness and death from tuberculosis. Thus, one might expect that a seg- 
ment of the population with high recorded tuberculosis mortality might yield 
more clinically significant tuberculosis on roentgenography. This has not been 
the consistent experience of persons working in this field (6, 7). For example, 
the experience of the present writers (8) has been that the yield of reportable 
(more active than apparently cured, 1940 classification) (9) tuberculosis has 
been no higher among the non-white population than among the white. 

There are several theoretical considerations which have bearing on screening 
for chronic disease, including tuberculosis. These have been thoroughly discussed 
by Sartwell and Merrell (6). For purposes of this discussion it would be well to 
point out that general population roentgenographic surveys, within the limits 
of the sensitivity and specificity of the screening technique (10), reveal the 
amount of illness existing in the population at the time the films were taken 
and thus give some indication of the prevalence of the disease. They give no 
indication as to incidence. The prevalence found is accumulated incidence less 
withdrawals from the population. The most important reasons for removal from 
the general population are probably illness and death from tuberculosis plus 
deaths from causes other than tuberculosis. 

Thus, if the course of tuberculosis is more acute in one particular group, the 
incidence in that group may be higher than in others but the prevalence may 
remain the same. Prevalence comparisons between white and Negro groups 
therefore lose some of their significance because of the clinical differences among 
the persons with disease who make up the two groups. Material in the present 
study, which will be presented below, vields inadequate information among 
non-whites for comparison with whites. However, the findings of Comstock and 
Burke (1) on mortality subsequent to chest roentgenographic surveys among 
whites and Negroes are in line with this concept. 

The fact that most of the pulmonary tuberculosis detected in general popula- 
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tion surveys is minimal in extent when diagnosed tends to support the contention 
that the disease so diagnosed is static and is not rapidly involving an increasing 
volume of lung. Disease stabilized while minimal in extent will obviously be 
present in the population for a longer period of time than rapidly progressive 
disease. Therefore, it is available in the population for filming fora longer period, 
and prevalence becomes weighted in that direction. 

It has been argued that most general population surveys achieve inadequate 
coverage among older persons. Age-specific prevalence rates generally show 
higher yields of clinically significant disease in the older age groups. ‘This is 
particularly true among males. This may be a cumulative phenomenon associated 
with advancing age. Obviously, if these persons were made ill and sought medical 
and sanatorium care or if they died from the disease, they would not remain in 
the general population available for survey. It may, therefore, be argued that 
roentgenographic examination of more and more elderly people will merely 
bring to light more of what is a relatively benign process. It is of interest that 
Springett (11) has shown that resurvey of the same group yields more new 
disease among younger persons. The annual attack rates were three to three 
and one-half times as high in the 15- to 24-year age group as in the 35 and older 
age group in Springett’s experience. Puffer and her associates (12) have recently 
demonstrated considerable differences in tuberculosis secondary attack rates 
by age, sex, race, and relationship to index case. 

The purpose of this preliminary discussion is not to suggest that surveys are 
without value. It is rather to suggest that too much should not be expected 
from general population chest roentgenographie surveys. Certainly, many pa- 
tients are diagnosed through surveys as having progressive disease. Placing 
them under medical supervision promptly may prolong or even save life. But 
“early diagnosis” is not synonymous with minimal disease and prevalence is far 
from synonymous with incidence. Analysis of the morbidity and mortality 
subsequent to original diagnosis is the test of the contribution mass chest roent- 
genographic surveys make to the tuberculosis case-finding program. 


PLAN FOR STUDY 


The Buffalo and Erie County Tuberculosis and Health Association purchased 
and placed into operation a mobile 70 mm. photofluorographie unit on March 4, 
1946. It has been continuously in operation since that date, taking 60,000 to 
70,000 films per year. All of the films have been interpreted by one of the present 
writers (M. H. S.). Diagnoses are very seldom made on the basis of the small 
films. The usual procedure is to reeall patients who have suspected chest disease 
to a mobile unit follow-up clinic operated by the Association for histories, 
physical examinations, large chest roentgenograms, and tuberculin tests, and 
sputum examinations when indicated. It is believed that this initial evaluation of 
the clinical status is of great importance. The “survey” is not considered complete 
until the patients are evaluated and guided in the direction of adequate medical 
supervision when the clinical evaluation indicates the need 

This primary follow-up is 86 per cent effective. Of the remaining 14 per cent 
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of the persons examined, two-thirds are successfully followed by the Erie County 
Health Department after referral from the Association. Nontuberculous chest 
disease is frequently discovered, but the present discussion will be limited to 
what is considered to be tuberculosis. Tuberculosis more active than apparently 
cured in the 1940 classification (9) is reported to the health department, where- 
upon the patient is registered and the usual significant events are recorded as 
they are reported or come to the attention of the department. 

This study is based upon the persons diagnosed as having pulmonary tuber- 
culosis who were reported and registered between March 4, 1946 and December 
31, 1950. There were 976 persons diagnosed as having reportable pulmonary 


tuberculosis during this period. This is the yield from 330,585 miniature films. 
These 976 persons were reduced to 656 by exclusion for various reasons to be 


described later. 


The tuberculosis register of the Erie County Health Department revealed considerable 
information about these patients. A small number (11 patients) were completely lost to 
observation, but the vast majority had been clinically observed or could be lo 
cated through mail or personal visits. Patients were classified according to their status on 
the date of last observation. The classifications were as follows: improved, stationary, pro 
gressed, died from tuberculosis, died from some cause other than tuberculosis, lost, or well but 
clinical status undetermined 

Some explanation of these classifications is required. A progression was arbitrarily de- 
fined as sufficient increase in extent of disease to warrant classifying the patient's disease 
in a more advanced stage, or deterioration of clinical status to a more active category al 
though the patient’s disease may have remained unchanged in extent. The group classified 
as well but of undetermined clinical status had not recently been evaluated clinically. It was 
determined, however, that these people were living, were apparently well, and were carry- 
ing on their everyday household or business activities. It is obvious that, with these classi 
fications, estimates of the number of progressions as defined above will tend to be low 
because of the lack of clinical observation in this ‘“‘presumably arrested’ group. It is 
equally obvious, however, that mortality information is reliable 

Virtually all of the initial classifications were made by Association or health depart- 
ment elinies. Not all of the classifications at the end of the period of observation were 
made by the same agency. The vast majority were made by the health department. Many 
of the remainder were classified by the tuberculosis hospitals serving Erie County. Some 
were classified by private physicians, usually those doing work limited to chest disease 
Whenever doubt or disagreement existed, records and films were reviewed by one of the 
writers (W.R.A. 

Patients were enrolled as of the month when the miniature film leading to an ultimate 
diagnosis of pulmonary tuberculosis was taken. They were considered to be under observa- 
tion until the month of final classification in one of the categories itemized above (table 1) 


Because the survey is a continuing survey which yields approximately the same 
number of new cases of tuberculosis in each subsequent time period, a life-table 
method of analysis was not used. The periods of observation varied from a 
maximum of somewhat more than five years to & minimum of approximately 
six months with all gradations between these two extremes. The number of 
person-years of observation was determined in the various subgroups estab- 
lished, and the significant events were related to the person-years of observation 


as the denominator. A major disadvantage of this person-years technique is that it 
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assumes uniform occurrence of changes in clinical status with the passage of 
time. In tuberculosis, the most rapid change supposedly occurs in the first 
two or three years of observation (see, for example, Lincoln and Bosworth (13) 
or Katz (14)). In the present writers’ experience, in 47 (45 per cent) of 105 white 
patients with active minimal tuberculosis who were followed for less than thirty- 
one months the disease remained active at the end of observation, while in 17 
(25 per cent) of the remaining 68 patients followed for thirty-one to sixty months 
the disease remained active. It might be said, therefore, that 55 per cent of the 
cases exhibited a change in status within thirty months, but doubling the period 
of observation yielded only half again as many changes in clinical classification. 
In spite of this disadvantage, the limitations of the data made the person-years 
technique the method of choice. 


TABLE 1 
NuMBER OF PERSONS PULMONARY TUBERCULOSIS ACCORDING 
TO Race, Sex, aNp CLASSIFICATION aT END oF OBSERVATION 


WHITE NON-WHITE Le 
CLASSIFICATION 


Males Females Total Males Females Total 


11 210 

145 

114 

23 

10 

167 

10 

19 37 656 


Improved 91 108 199 
Stationary 72 j 136 
Progressed 104 
Dead of tuberculosis* : 20 
Dead, other causes : 9 
Well, status undetermined : 161 
Lost 10 

Total 32 298 619 


‘ 
3 
4 
l 
3 
) 


* Also classed with ‘‘progressed’’; hence, apparent discrepancy in column totals. 


OBSERVATIONS 
Characteristics of the Study Population 


In table 2 may be seen the relevant data on the 656 persons who were followed 
of the 976 who were diagnosed and reported as having clinically significant 
pulmonary tuberculosis. In table 3 information on the persons who were excluded 
from the study is presented. The chief reason for exclusion is previous knowledge 
of pulmonary disease. It was believed that any analysis intended to evaluate the 
position of chest roentgenographic surveys as a case-finding tool should include 
only persons who were first diagnosed as a result of chest roentgenographic 
surveys. The usual proportion of minimal lesions in a general population survey 
is approximately 80 per cent. Exclusion of persons who knew they had pulmonary 
disease in advance of the taking of the survey film substantially increased the 
proportion considered to have minimal disease. Another group was excluded 
on similar grounds, namely, that the survey film contributed nothing to their 
management. This is the group described as “ineffective follow-up, later illness.” 
These people were suspected to have tuberculosis on the basis of the 70 mm. 
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film but failed to return for clinical evaluation in spite of repeated efforts to 
have them do so. They appeared at a much later date (more than six months 


TABLE 2 

Survey-DiaGNosep TuBeRCULOsSIS, STAGE AND CLINICAL CLASSIFICATION BY Race 
AND SEx 

WHITE NON-WHITE ALL RACES 


; Num Per 
Num- Per | ber 
ber Cent } 


STAGE AND CLINICAL CLASSIFICATION Total 


Minimal: active* 


other 


| 


Moderately advanced: active 
other 


Far advanced: active 
other 


Stage undetermined 0.6 
Total 324 295 619 100.0 99.9 656 100 
* Active, quiescent, 1940 classification. 
TABLE 3 


Eexciusions BY STace or Disease ON INITIAL EXAMINATION BY REASON FOR EXCLUSION 
FROM Stupy For Two Racitat Groups 


BOTH 
NON-WHITE RACIAL 
GROUPS 


REASON FOR EXCLUSION 


Advanced 
Far 

Advanced 
Unknown 
Per Cent 
Moderately 

Advanced 
Unknown 
Per Cent 
Total 


Total 


Moderately 


9 182 56.4 
7) 4112 


Previous knowledge 


Insufficient time* 

Primary, healed (or ‘‘no 
pathology’’) 

Ineffective follow-up, 
later illness 10 


‘ 2 2 35/10.¢ 
5 6 5.4): 3 | 11.5; 19) 5.4 


15 16) 5 


Nontuberculous disease 


7 
Nonresident 5 
Total number 167 79 204 99.914 8 3 26 


Per cent 56.8 26.91.015.3 100.053.930.83. 811.5 100.0 


* First observation after initial classification later than July 1, 1951. 


later) sick with pulmonary tuberculosis and probably would have done so 
whether the 70 mm. film had been taken or not. These observations might 
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| 2 ber Cent | = 
| 
204 «161 «4365 59.0) 6 6 12 32.4 | 377!) 57.5 
| 32; 34 66 10.7| 4110. 27.0} 76) 11.6 
| 6! 168 2.4/1! 0! «=2.7] 16] 2.4 
Po 3 0 3 0.5 0 l l 2.7 4/' 0.6 
0 0 0 0 0 | 
& 
0 
< 
E 
= 
| 
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TABLE 4 


SympromaTo.LoGy py CLASSIFICATION FOR Wutre AND Non-Wutte Survey- 
DiaGnosep PutmMonaRY TUBERCULOSIS PATIENTS 


NON-WHITE 
Symptoms 


CLINICAL Spe Jo Ss 
CLASSIFICATION cifie® i Othert 


mber 
| Per Cent a 


| Nu 


P I: active 
other 


P IL: active 
other 


P IIT: active 
other 0 


Undetermined 6 - 25.0 4100.0 - o— 1 - 1 


Total 45 7.3 6 10.5460 74.3 7.9 6191000 7 18.9 19 51.4 4 10.8 37 100.0 


* Hemoptysis and/or chest pain. 
t Symptoms suggesting pulmonary tuberculosis but not including hemoptysis and/or chest pain. 


TABLE 4A 
Spurum Stratus py Cumnican CLassiFICATION FOR Wuire AND Non-Watte Survey- 
D1aGnosep PuLMONARY TUBERCULOSIS PATIENTS 


CLINICAL 
CLASSIFICATION 


| Number 


P I: active 
other 


Number | 


P LI: active 
other 


P IIL: active 
other 


Undetermined 


Total 7 27.6 374 


stimulate some speculation as to why people voluntarily have chest roentgeno- 
grams when, in the one instance, they know they have disease or, in the other, 
why they fail to take action when they are told they have disease. 

Patients were classified into two racial groups, white and non-white, the non- 
white category being essentially Negro. The representation of non-whites in 


they 

= 

; 

Symptoms 

Total 
Un 

known 

| 14 8.4 14 8.4 12273.5 16 9.6 166,999 0 — 2 Si = 
14 3.8 31 8.5 30082.2 20 5.5 365)190.0 0 2 9 1 12} — 
14 21.2 17 25.8 25 37.9 10 15.1 661000 3 2 0 0| — 
213.3 213.3 9 60.0 2133 15999) 1;—- O09 — —| 1] — 
— 
| °| - 

“Nega- “Posi- | “Nega-| Unde 

Positive tive” Undetermined Total tive” tive” [termined Total 
§ ig § & 8/2 8 
100.0 —| 5| 7 12) — 

| | 
| 13 19.7 66 100.0 | 9 | —| of 1) 0 | — 
0 . 3 20.0 12 80.0 15 | 100.0) 
| | | | 

| 
60.4 619 100.0 11 (29.7) 12 |32 | 14 (37.8) 37 {99.9 


ULTIMATE FATE OF SURVEY-DETECTED TUBERCULOSIS 15 


this group and in the group surveyed is approximately correct in terms of their 
representation in the total population of Erie County. Analyses were conducted 
according to sex, stage of disease, clinical classification, and age group. Patients 
with far advanced disease were few in number so were included with moderately 
advanced cases in certain tables. The clinical classification was simplified for 
purposes of analysis. The “active” category includes those whose disease was 
active or quiescent according to the 1940 classification, and the ‘‘other” category 
includes those whose disease was apparently arrested or arrested plus occasional 
persons of undetermined clinical classification. 

Some attention was paid to the symptomatology and bacteriologic status of 
these two classes of patients. Information on these factors is presented in tables 
4 and 4A. Most of the patients were without symptoms. Among the white pa- 
tients, three-quarters had no complaints which suggested pulmonary disease. 
Patients with active disease tended to have more in the way of symptoms than 
did the others, but in the group with minimal lesions the difference was slight. 
The difference which did exist was wholly in the so-called specific symptoms, 
hemoptysis and/or chest pain. Among patients considered to have active disease, 
8 per cent presented one or both of these complaints, compared with 4 per cent 
in the other than active category. 

In table 4A may be seen the much greater frequency with which sputum 
positive for M. tuberculosis was obtained from persons initially classified as 
having active disease. The clinical classification was made very shortly after 
the miniature film was interpreted, but the “positive sputum”’ results indicated 
in table 4A were obtained at any time during observation of the patient. Thus, 
the bacteriologic findings served to confirm the diagnosis rather than to help 
in early clinical classification. Obviously, the few with sputum positive for 
tubercle bacilli who were initially considered to have inactive lesions had active 
disease at the time the “positive sputum” was obtained but were not so classified 
at the beginning of the period of observation. The large number of patients with 
inactive disease and undetermined sputum status probably reflects the less 
intensive effort to obtain sputum as well as the smaller number with sputum 


available in this group. 
Observations on Clinical Classification According to Age 


The observations on clinical classification according to age are somewhat 
paradoxical in the light of recorded tuberculosis mortality. Previous mention 
has been made of the accumulation of chronic disease with advancing age. 
On the one hand, observations made in Erie County and elsewhere indicate that 
age- and sex-specific tuberculosis mortality rates are now higher among middle- 
aged and elderly men than among the remainder of the population. One might, 
therefore, reason that, in a surveyed population, active disease would be found 
more frequently among elderly men than among the young. On the other hand, 
clinical experience requires caution in classifying young persons as having 
inactive disease without rather careful observation. The activity pattern and 
its variation with age are shown in table 5 and figure 1. The material is too 
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TABLE 5 
Stace Ciinicat CLassiFIcaTION oF Disease AccorpING To AGE Group, 
Survey-DiaGnosep Putmonary TuBercu.osis, WHITe Patients 


MALES | FEMALES 


Minimal 


Active 
Othert 


0 to 24 21 
25 to 34 12 
35 to 44 17 
45 to 4 8 
55 to 64 7 
65+ 7 


Tota 


= 
| Othe 


Total 72 26. | 47 | 74.5 94 161 


| 


BOTH SEXES 
Minimal Advanced 


Per Cent Active Other Total Per Cent 


Active Other Total hetive Active 


0 to j , 73.2 21 
25 to 40.2 15 
35 to : 28.2 
45 to : 11.9 
55 to 12.5 
65+ : : 20.6 


Total 166 36: 531 31.3 


* Active, quiescent, 1940 classification. 
t Includes 4, undetermined stage and classification. 


ADVANCED, 
BOTH SEXES 


MINIMAL, 
WHITE FEMALES 


MINIMAL, 
WHITE MALES 


PER CENT ACTIVE 


Fic. 1. Per cent of white survey-diagnosed tuberculosis patients with active disease ac- 
cording to specified stage, sex, and age group. 


scanty to be worth presenting for the non-white group, but among whites it will 
be noted that the percentage of persons who are classified as having active 


16 
se Minimal Advanced — Advanced 
$3 
2 e | 
oe 7 28 75.0 16 100.0 
17 29 41.3 12 91.5 
ax) 48 65 26.2 4 100.0 
66 74 10.8 1); — 
49 56 12.5 4 25.0 
17 24 | 29.2 3 66.6 
| 
| 17 88.2 
| 10 100.0 
ES 3 12 75.0 
8 19 57.9 
re 4 7 42.9 
a ee 69 18 87 79.3 
~ 
20 “0 
AGE 


ULTIMATE FATE OF SURVEY-DETECTED TUBERCULOSIS 17 


disease declines rather uniformly with advancing age. This seems to be true 


for minimal and advanced disease. The shape of the curve suggests that white 


males more than 65 years of age may tend to have active disease a little more 


frequently than those between the ages of 35 and 64. This would be in line with 
the observations on mortality previously mentioned but the data are few. 


TABLE 6 
PROGRESSIONS PER 1,000 Person-YeEARS OBSERVATION BY Ace Grovur, Wutte Mates 
AND FEMALES, AcTIVE AND OTHER THAN Active Minimat Lesions, 
PULMONARY TUBERCULOSIS PATIENTS 


MALES FEMALES 


Progres 


AGE Progressions 
Progres er 1,000 Person Progres 
Years sions Person- umber Years sions 
Years 


Active 


0 to 24 21 49.4 10 202.4 39 112.0 10 89.5 
25 to 34 12 32.5 4 123.1 29 60.8 5 82.2 
35 to 44 17 42.3 6 141.8 18 51.3 5 97.5 
45 to 54 S 14.9 3 201.3 5 11.8 l S4.7 
55 to 64 7 20.9 3 143.5 3 10.7 l 93.5 
65+ 7 14.9 3 201.3 0 . 0 


165 


Other than Active 


0 to: 7 4 8 5.5 
25 to 34 17 48.4 1 20.7 44 114.8 6 52.3 
35 to 44 48 133.5 2 15.0 41 127.2 l 7.9 
45 to 54 66 182.6 4 21.9 30 94.3 l 10.6 
55 to 64 49 119.0 6 50.4 21 59.5 l 16.8 
65+ l 


Total 


25.9 


It must be remembered that these classifications of clinical status were arrived 
at immediately after the survey film and the primary follow-up clinic visit 
findings were evaluated. In a sense, therefore, they constitute a prediction of the 


future behavior of the disease in the person who is examined and classified. 


In spite of these variations in clinical status according to age, the frequency of 


progression according to age was quite uniform once the clinical classifications 


were made. Again, the data are too few to warrant discussion for non-white 


patients and patients with advanced disease. The findings are presented in table 


6 and figure 2. The number of progressions per thousand person-years of ob- 


servation among males with minimal active disease was more than six times as 


great as among the other white males. In white females, the differences between 


Total 72 174.9 29 | 94 246.6 22 89.2 

204 539.5 14 — 16! 162.4 13 28.1 
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the active and other than active classifications were less marked, a ratio of 3 
to I, largely because the relative frequency of progression seems to be at a con- 
siderably lower level among the females with active disease. The relatively close 
positions of the two lines in figure 2 for white females less than 35 years of age 
may indicate that it is hazardous to classify a white female as having inactive 
disease when she is in this age group. Conversely, the white males may be 
classified with a much greater degree of confidence. 


MINIMAL ACTIVE, 
WHITE MALES 


MINIMAL ACTIVE, 
WHITE FEMALES 


8 


MINIMAL OTHER, 
MINIMAL OTHER, WHITE MALES 
~ WHITE FEMALES 


PROGRESSIONS PER 1000 PERSON - YEARS 


Fia. 2. Progressions per 1,000 person-years of observation, minimal survey-diagnosed 
tuberculosis, white patients, for specified clinical classification, sex, and age group. 


Progression and Mortality with the Passage of Time 

These 656 people were observed for a total of 1,761.2 person-years. During 
the course of this observation, 23 died from tuberculosis and 10 others died 
from nontuberculous causes. There were 114 instances of progression of tuber- 
culosis observed. This information is presented in terms of deaths and pro- 
gressions per thousand person-years of observation in table 7. Some caution is 
necessary in interpretation of the progression rates as absolute values. The 
number of progressions and, therefore, the rates are minimal figures, with a 
ceiling imposed by the method of obtaining data for purposes of this study. 
This is explained by the classification previously mentioned, “well, but clinical 
status undetermined.” As the people in this classification were determined to be 
living and carrying on everyday activities but were not examined to estimate 
their clinical status, progression or improvement in disease was not determined 
in that group. Nevertheless, there are considerable differences between those 
classified as having active disease and the remainder in terms of progressions. 
An attempt to correct this error is made in table 7A by subtracting from the 
person-years of observation all those who were “well, but clinical status un- 
determined,” leaving in the denominator only those who were definitely ob- 
served clinically. This reduces the difference between the “‘active’’ and the 
other groups but as an estimate is probably low. The actual frequency of pro- 
gressions probably lies between the figures presented in tables 7 and 7A. The 
figures presented in table 6 and figure 2 would be altered by a correction such 
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TABLE 7 


FREQUENCY OF OBSERVED PROGRESSION AND Deatu, wita Rates PER 1,000 
PERSON-YEARS OF OBSERVATION FOR SuRVEY-DIAGNOSED PULMONARY 
Tusercuosis, BY Race, Sex, Stace, CLassiFICATION 


Minimal Advanced Minimal | Advanced 


Active® | Other Active | Other? Active | Other Active | Other 


White 
Number ...| 72 | 206 4 «| «161 34 6 619 
Years of observa- | 
tion 174.9 539.5 31.9 | 246.6 | 462.4 113.4 23.8 1,679.1 
Average years ob- 
served 2.4 2.6 2. 2.9 3.3 4.0 2.7 
Progressionst 29 14 : 13 9 0 104 
Tuberculosis 
deaths . . 5 
Deaths, other 
causes 
Remainder. . 
Per 1,000 per- 
son-years: 
Progressions.. 125.4 
Tuberculosis 
deaths... 3.7) 57. 62.7 
Total deaths 94.0 


Non-White 


Number. 

Years of observa- 
tion 

Average years ob- | 


Progressions 
Tuberculosis 
deaths 
Deaths, other 
causes 
Remainder 
Per 1,000 per- 
son-years: 
Progressionst.. 
Tuberculosis 
deaths. ... 
Total deaths 


* Active, quiescent, 1940 classification. 

+ Includes tuberculosis deaths. 

t Includes 4, undetermined stage and status. 
§ Includes 1, undetermined stage and status. 
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as the one made in table 7A, but the relative positions of the values would be 
changed only in minor details. 

Unlike the progressions, the deaths that occurred were definitely established 
events. The only deaths which could have been overlooked would have occurred 
among the few persons completely lost from observation. Differences in mortality 
between white and non-white in the “active” and other groups are obvious. 
The probability of death from tuberculosis is considerably higher if one happens 
to have active disease, and is approximately three times as high among non- 
whites as among whites. 

These differences are even greater than those which appear on examination of 
table 7. It will be recalled that the persons classified as having active disease 
were, by and large, younger than those considered to have inactive disease 
(table 5). The natural forces of mortality are considerably less in the younger 


TABLE 7A 
Frequency or Progressions, wita Rates per 1,000 Person-Years or OpservaTion 
ror Survey-Diacnosep Putmonary Tusercu.osis, By Sex anp 
Curntcat Ciasstrication, Limirep To Tuose Osservep CLINICALLY 


MALES FEMALES 


Minimal Advanced Minimal Advanced 
Active Other Active Other Active Other Active Other 


Total observed : : : 94 
Clinically observed : 
Number : 78 
Years observed 31. 194.4 
Average years observed 2. 2 : : 2.5 
Progressions 22 
Progressions per 1,000 per- 


s8on-years 113.2 49.0 


groups and, therefore, the differences in age distribution of the two groups should 
not be ignored. The “active” group, being younger, would be expected to suffer 
less in the way of mortality than the “inactive” group, so correction for this 
difference in age distribution of the two groups makes the differences even 
greater. It is perhaps wiser to use deaths from all causes for such mortality 
comparisons and to look upon excess mortality as being associated with pulmo- 
nary tuberculosis (table 8). Uncorrected, there were 29.6 deaths from all causes 
per thousand person-years among those with active disease and 12.0 deaths per 
thousand person-years among those not considered to have active disease. This 
is approximately a 2.5 to | ratio. The figure of 12.0 deaths per thousand person- 
years is not too different from average annual mortality in the general popula- 
tion. Standardizing on the basis of the age distribution of the population of the 
city of Buffalo in 1950 changes these figures substantially. The mortality per 
thousand person-years among those with active disease then becomes 43.8 
and among the remainder becomes 9.6. Thus, corrected for age, the probability 
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of death was approximately 4.6 times as great among persons diagnosed as 
having active disease. Among those diagnosed as having disease but not in the 
active form, mortality was no greater than in a comparable age group in the 
general population. 
TABLE 8 
FREQUENCY OF OBSERVED PROGRESSION AND Deatu, witn Rares Per 1,000 


PERSON-YEARS OF OBSERVATION FOR SuRVEY-D1IAGNOsED TUBERCULOSIS, 
BY CLINICAL STATUS 


CLINICAL STATUS 


Active Other 


Number 258 308 656 
Years of observation : 675.2 1,086.0 1,761.: 


Average years observed ; ; 2.6 2.7 2. 
Progressions 82 K 114 
Tuberculosis deaths 18 2 
Deaths, other causes 
Per 1,000 person-years 
Progressions 
Tuberculosis deaths 
Total deaths 
Crude 
Age-standardized* 


* Using Buffalo 1950 population; actual 1950 mortality, 11.3. 


SUMMARY 


Results of the observation of 656 persons who were diagnosed as having pulmo- 
nary tuberculosis as a result of chest roentgenographic surveys and who were 
followed for an average of 2.7 years are presented. Active disease was found 
more frequently in the younger age classifications than among older persons. 
Exclusion of persons with prior knowledge of chest disease excluded a group 
with relatively more advanced disease. 

Once the persons observed were classified according to clinical status, the 
frequency of progression was fairly uniform regardless of age, at least among 
white persons with minimal disease. Progressions and deaths occurred in fairly 
predictable fashion. The relative frequency of each event was closely related 
to the initial clinical classification. 

It is believed that careful clinical evaluation of each person found to have 
suspected tuberculosis on a miniature film is of great importance in predicting 
the likelihood of future disability or death. 

Mortality from tuberculosis was approximately three times as high among 
the non-whites as among the whites. Deaths among those in the group with 
active disease appeared to be approximately two and one-half times as frequent 
as among other persons. Nevertheless, consideration of the differences in age 
distribution which exist between these two groups makes the corrected mortality 
among the group of persons with active tuberculosis approximately four and 
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six-tenths times as great. Mortality from all causes among those not considered 
to have active tuberculosis was no higher than in the general population. 


SUMARIO 


Encuestas Radiogréficas de la Poblacién General: Evolucién Subsiguiente de las Personas 
Consideradas como Tuberculosas 


Estos son los resultados de la observacién de 656 personas en las que se diagnosticé 
tuberculosis pulmonar a consecuencia de encuestas radiogrdficas del térax y que fueron 
mantenidas en observacién durante un promedio de 2.7 afios. Descubridése enfermedad activa 
més a menudo en los grupos mds jévenes que en las personas de mds edad. La exclusién de 
las personas que ya estaban al tanto de que tenfan patologia torécica excluyé un grupo en 
que la enfermedad estaba relativamente mds avanzada. 

Una vez clasificadas las personas observadas de acuerdo con su estado clinico, la frecuen- 
cia de la progresién fué bastante uniforme independientemente de la edad, a los menos en 
los sujetos blancos que tenfan la forma minima de la enfermedad. Las progresiones y las 
muertes ocurrieron en forma bastante predecible. La relativa frecuencia de cada aconteci- 
miento se relacioné {ntimamente con la clasificacién clinica inicial. 

Parece que la cuidadosa justipreciacién clinica de toda persona en que hace sospechar 
tuberculosis la pelicula en miniatura reviste mucha importancia en lo tocante a predecir la 
probabilidad de futura incapacidad o muerte. 

La mortalidad tuberculosa fué aproximadamente el triple en las personas que no eran de 
raza blanca que entre las blancas. Aunque las muertes en las personas del grupo activo fueron 
aproximadamente dos y media veces mayores que entre las demas, el estudio de las dife- 
rencias de la distribucién por edades entre los dos grupos hace subir la mortalidad corregida 
a& unas cuatro y seis décimas veces ms entre las personas que tenfan tuberculosis activa. 
La mortalidad por todas causas entre las personas que no se consideré que tenfan enfer- 
medad activa no fué mayor que en la poblacién general. 


RESUME 


Enquétes radiologiques sur la population générale: Evolution ultérieure chez les 
sujets considérés atteints de tuberculose 


Présentation des résultats fournis par la mise en observation de 656 personnes pour les- 
quelles le diagnostic de tuberculose pulmonaire avait été fait A la suite d’enquétes radio- 
logiques fondées sur |’examen du poumon. La durée moyenne de l’observation a été de 2, 
7 années. La maladie en activité a été trouvée plus fréquemment dans le groupe d’fge plus 
jeune que dans le groupe des sujets igés. L’exclusion des sujets, pour lesquels un diagnostic 
de lésions pulmonaires avait été fait antérieurement, a exclu de l'étude un groupe dont 
l’affection était A un stade relativement plus avancé. 

Une fois que le sujet observé était classé selon son état clinique, la fréquence de la pro- 
gression était relativement uniforme indépendamment de |’Age; au moins dans la tuber- 
culose a minima dans la race blanche. Les progressions et les décés se sont produits d’une 
maniére assez prévisible. La fréquence relative de chaque événement était étroitement liée 
a la classification clinique initiale. 

Les auteurs estiment qu’une trés soigneuse évaluation de |’état clinique de tout individu, 
dont le microfilm indique une tuberculose probable, est d’une grande importance pour 
prédire l’éventualité de l’invalidité future ou de la mort. 

La mortalité par tuberculose était approximativement trois fois plus élevée dans la race 
noire que dans la race blanche. Tandis que les décés, parmis les sujets compris dans le groupe 
des tuberculoses en activité, apparaissaient approximativement deux fois et demie plus 
fréquemment que dans les autres groupes, l’analyse des différences dans la distribution par 
Age existant entre ces deux groupes, donne un taux de mortalité corrigé approximative- 
ment quatre et six-dixiémes fois plus grand pour les individus atteints de tuberculose en 
activité. Parmi les sujets n’étant pas considérés atteints de tuberculose en activité, la 
mortalité due A d’autres causes n’était pas plus élevée que dans la population générale. 
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Addendum 
Since preparation of this paper additional observations bearing on the influence 
of age of patient, roentgenographic characteristics of lesions, and the incidence 


versus prevalence concept have been published. The study of Edwards and 


others (5), though limited to males of military age, demonstrates differences in 
characteristics of lesions, frequency of progression, and mortality associated 
with age. Katz’ data based on observation of mentally ill persons (14) nicely 
demonstrate differences in mortality, depending on whether the lesion had been 
present for an undetermined time or had developed while the patient was under 
observation. The latter group, which obviously contained those with unstable 
lesions, had the poorest survival record. 
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INTRODUCTION 


Despite the original observations of Laennec (1) and Rokitansky (2) and the 
more recent studies of Kountz and Alexander (3), from which they concluded 
that the basic lesion in chronic pulmonary emphysema was essentially an ob- 
structive one in the terminal bronchiolar tree, many investigators still attribute 
the process to a primary change in the alveolar walls. In a recent report by 
Stead and his associates (4), in which the elastic properties of the lung were 
studied in patients with pulmonary emphysema, it was stated “it is generally 
accepted that the basic defect of chronic pulmonary emphysema is a loss of the 
normal retractive forces of the lung.”” These investigators, in their own studies, 
however, found the retractive force was not actually lost but was altered in 
pulmonary emphysema. 

A proper interpretation of the various findings obtained with the multitude 
of pulmonary function tests available today depends to a great extent upon a 
recognition of the pathogenesis of the anatomic defects present in emphysema. 
The problem of pulmonary emphysema is an increasing one. With the increase in 
longevity, more persons reach the age at which emphysema may produce sig- 
nificant clinical manifestations. The advent of antimicrobial therapy has cured 
many persons who would otherwise have died from pulmonary infection. Many 
of these persons then return to active life with fibrosis of the lungs and other 
pulmonary alterations which may lead to emphysema. Newer industrial proc- 
esses are constantly arising in which people are exposed to pulmonary irritants 
which are potentially capable of producing changes in the bronchiolar tree. 

A proper approach to the prevention and treatment of chronic pulmonary 
emphysema depends to a great extent on the appreciation of the basic defect 
present in the lungs. For these reasons, it was decided to re-evaluate the an- 
atomic alterations in the lungs of persons who had died with chronic pulmonary 


emphysema. 


MATERIALS AND METHODS 


The lungs of 10 males more than fifty years old who were examined con- 
secutively post mortem were used for the study. The patients had had evidence 
of chronic pulmonary emphysema during life and had a significant increase in the 
anterior-posterior diameter of the chest. None of them had bronchial asthma, 
bronchiectasis, silicosis, or any other obvious specific pulmonary condition which 
might produce obstructive lesions in the bronchiolar tree. For the purpose of 
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comparison, lungs were utilized from males of the same age group who had died 
from nonpulmonary disease and who had no evidence of chronie pulmonary 


emphysema or any increase in the anterior-posterior diameter of the chest 


At post-mortem examination, the lungs were removed with the trachea in one block 
and filled with formalin through the trachea by the gravity method. This was done in 
order to prevent post mortem collapse of the lungs and to preserve the terminal bronehiolar 
epithelium The lungs were then suspended in formalin for several davs Multiple sections 
were taken from all lobes of both lungs These were stained with hematoxvlin and eosin, 
Masson’s trichrome stain, and Verhoeff’s elastic tissue stain. Particular attention was paid 
to terminal ispects ol the bronchiolar tree It was recognized it the outset ot the study 
that variations in the size of the lumina of the smaller bronchioles might exist due to arte 
fact beeause of alterations during the preparation ot the lung tissue It was noted that 
the terminal bronchioles in the emphysematous lungs were identified without ditheult 
This was not true of the normal lungs. This was regarded as indirect evidence in support 
of the faet that the termi il bronchioles in chron pulmen ir’ emphysema were so altered 


readily identifiable 


OBSERVATIONS 


The emphysematous lungs, which were all grossly voluminous, exhibited essen 
tially the same microscopt changes in all 10 eases. These alterations were 
generally idespread throughout all lobes. A posite deseription will there 
tore be presented In preference to a detailed dese ription of the changes in each 
individual specimen 

Most of the terminal bronchioles had thicker walls than was the case in the 
nonemphysematous lungs. In some of the larger bronchioles of the emphy 
sematous lungs, there was a concentric ingrowth of the inflammatory elements 
toward the lumen of the bronchus, while in others it appeared more on one side. 


The subepithelial lavers were increased in thickness and infiltrated with lympho- 


eytes and oceasional polymorphonuclear leukocytes. In some instances, the walls 


of the bronchioles were atrophic with dilatation of the lumina. 

The terminal or respiratory bronchioles in the emphysematous lungs appeared 
to have a longer and more tortuous course than in the nonemphysematous lungs 
The thickened walls consisted of changes varving from a secant infiltration of 
fibrous tissue to those with abundant fibrous tissue (figures 1%) 

The degree of inflammatory cell infiltration varied considerably. In some, the 
walls contained vascular granulation tissue, which in some instances protruded 
direetly into the lumina of the bronchioles. In some instances, the epithelium was 
uleerated, but for the most part it was intaet. Not infrequently, in the pre 
terminal bronchioles, there was considerable hypertrophy of the musculature 
Frequently, the shape of the bronchioles was considerably distorted. Only 
occasionally such findings were present the honemphysematous lungs and, 
when present, were not diffusely distributed. The alveoli were dilated, torn, and 
showed disruption and some loss of elastic tissue in the alveolar walls 

Varving degrees ot pulmonary arteriolar urtertosclerosis were present The 
bronchioles most characteristically involved were those estimated to be less than 


0.35 mm. in diameter. These included those anatomie subdivisions referred to as 
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the bronchiolus, the respiratory bronchiole, and the ductus alveolaris. The 
lesions were most characteristically present in that portion of the bronchiolar 
tree which supplied a primary lobule. 


COMMENT 


In a previous case report (5) on the mechanism explaining the development of 
chronic progressive pulmonary bullous emphysema, the same changes were found 
in the bronchioles as in the present study. There is no reason, therefore, to 
believe that the mechanism of development of emphysema in the less advanced 
non-bullous type is any different from that of the advanced bullous type. If it 
be assumed that the basic and primary changes are present in the bronchioles, 
the parenchymal or alveolar changes can readily be explained as a subsequent 
development to the obstructive lesions. On the other hand, the assumption that 
the alveolar defect is primary would be insufficient to account for the changes in 
the bronchiolar tree. As stated in the previous report, this process of chronic 
bronchiolitis and peribronchiolitis results in the stiffening of the walls and a 
narrowing of the lumina of the bronchioles. Inflammation and fibrosis of the 
muscular and elastic tissues in the bronchioles interfere with the reaction and 
the tonus of these walls. The final effect, therefore, is one which results in an 
abnormal narrowing of the bronchioles. During a period of time, the alveoli 
became distended. This distention in turn exerts further pressure against the 
walls of the enclosed bronchioles. The vicious circle is thus set up. The distention 
of the alveoli and a subsequent diminution in the blood and oxygen supply would 
help in producing the advanced changes of atrophy and disruption. 

It has been noted that advanced degrees of emphysema characterized by 
“barrel chest” are rare in the female unless a specific obstructive pulmonary 
disease is present, such as bronchial asthma or bronchiectasis. In addition 
to this, it has also been observed that in the male advanced emphysema is more 
commonly observed in the hard-working group of laborers. It would seem then 
that the more vigorous and forced breathing required by heavy manual work 
during a period of years, added to this basic bronchiolar alteration, contributes 
to the development of the more advanced forms of emphysema. 

The etiology of this nonspecific alteration of the bronchiolar tree is obscure. 
It has been observed that patients with chronic pulmonary emphysema usually 
give a long history of chronic cough with the raising of thick, mucoid, tenacious 
sputum. It would appear that a wide variety of nonspecific low-grade irritants to 
the bronchiolar tree might be responsible for the gradual development of this 
process. At any rate, the findings in this study would indicate that the lesion is a 
chronic and a nondestructive, low-grade, inflammatory one and that any proper 
approach to this problem should take this fact into consideration. 


SUMMARY 


A study of bronchioles in 10 lungs from persons with chronic pulmonary 
emphysema, examined consecutively post mortem, revealed alterations diffusely 
distributed throughout the terminal bronchioles. 
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It is believed that these obstructive bronchiolar alterations are the basic defect 
in chronic pulmonary emphysema and can account for all of the subsequent 
changes which develop. 


SUMARIO 
La Lesién Baésica en el Enfisema Pulmonar Crénico 


Un estudio de los bronquiolos en 10 pulmones de personas que ten{an enfisema pulmonar 
croénico y que fueron examinadas consecutivamente postmortem, revelé alteraciones distri- 
bufdas difusamente a través de los bronqufolos terminales. 

Parece que esas alteraciones oclusivas en los bronqufolos constituyen el defecto funda- 
mental en el enfisema pulmonar crénico y pueden explicar todas las modificaciones que 
aparecen subsiguientemente. 


RESUME 
La lésion fondamentale de l’emphys?me pulmonaire chronique 


Une étude portant sur l’examen post-mortem des bronchioles prélevées sur 10 poumons 
de sujets atteints d’emphyséme pulmonaire chronique a révélé la présence d’altérations 
diffuses dans toute |’étendue des bronchioles terminales. 

Les auteurs croient que ces altérations obstructives des bronchioles constituent la lésion 
fondamentale de l’emphyséme pulmonaire chronique, et qu’elles expliquent les manifesta- 
tions pathologiques ultérieures. 
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INTRODUCTION 


The effects of cortisone on experimental tuberculosis have been studied by a 
number of investigators (1-13). In contrast, however, few data are available 
on the action of corticotropin on the course of the experimental disease (11-14). 
In previous investigations, the animals were usually sacrificed at the termination 
of treatment or allowed to survive for only a relatively short period of time 
after therapy. It was deemed advisable, therefore, to study simultaneously the 
post-treatment effects of corticotropin and cortisone on a well-established tuber- 
culous infection. To obtain a broader basis for comparison of results obtained 
with the hormones, beryllium chloride, an agent demonstrated to exert a dele- 
terious effect on the course of the disease (15), and streptomycin, known to have 
a beneficial effect upon experimental tuberculosis (16), were included as addi- 
tional controls. 


MATERIALS AND METHODS 


Two hundred and five guinea pigs with an average weight of 645 gm. were tested with 0.1 
ml. of a 5 per cent solution of Old Tuberculin injected intracutaneously and observed to be 
negative. The animals, in groups of 5, were housed in an air-conditioned room. 

One hundred and seventy-five guinea pigs were inoculated subcutaneously in the inguinal 
region with 1.0 ml. of Dubos medium, containing approximately 60,000 organisms of a viru- 
lent human strain of Mycobacterium tuberculosis, B-88. The organism had been grown pre- 
viously in Dubos medium for three weekly passages. The cell count was determined on the 
basis of nephelometric readings employing a Leitz photoelectric colorimeter. 

Four weeks after inoculation, 5 of the infected animals were sacrificed and observed to 
have a progressive tuberculous infection with an average index of tuberculosis of four (15). 
Treatment was then initiated according to the protocol of the experiment (table 1). 

The range of dosages for each hormone was varied one hundred fold in order that the 
effect of minute, as well as massive, dosages could be observed. The relative dosage of the 
two hormones was based on clinical practice in man. In addition, the effect of the adminis- 
tration of the highest dosage of each drug was studied with uninfected guinea pigs. An 
intramuscular injection of 0.5 ml. of each agent was carried out with the exception of beryl- 
lium chloride, in which 1.0 ml. was employed. Corticotropin‘ was injected in four daily doses 
every six hours and cortisone® in two daily doses every twelve hours. Streptomycin was 


1 From the Department of Infectious Diseases, School of Medicine, University of Cali- 
fornia, Los Angeles, California; and San Fernando Veterans Administration Hospital, San 
Fernando, California. 

? This investigation was supported in part by a research grant from the National Micro- 
biological Institute, National Institutes of Health, Public Health Service. 
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injected in one daily dose and one weekly dose for Groups F1 and F 2, respectively. The neu- 
tralized beryllium chloride was injected three times weekly. Treatment was continued for 
21 days. 

All animals were weighed at weekly intervals. Tuberculin tests were conducted simul- 
taneously with 0.1 ml. amounts of a 5 per cent solution and a 0.5 per cent solution of Old 
Tuberculin injected intracutaneously. Tests were made prior to the initiation of treat- 
ment and at two-week intervals thereafter. The tests were examined after 48 and 96 hours 
and were classified as negative, doubtful, 1 plus, 2 plus, 3 plus, and 4 plus by the following 
eriteria (17): 

Negative—No reaction 

Doubtful—Erythema with little edema 

1 plus—Edema less than 1 em. in diameter 

2 plus—Edema greater than 1 cm. in diameter without necrosis 

3 plus—Edema greater than 1 em. in diameter with beginning necrosis 
4 plus—Edema with a large central ulcerated area 

The animals were allowed to survive for 68 days following treatment, a total of 117 days 
after inoculation. The guinea pigs were sacrificed by exsanguination from the heart. At 
autopsy, the extent of tuberculosis was determined by grading the lungs, liver, spleen, and 
lymph nodes as 0, 1, 2, 3, 4 (15). Animals which died prior to the termination of the experi- 
ment were preserved in a frozen state and examined at the time of autopsy of the surviving 
animals. Guinea pigs with an index of tuberculosis equal to or greater than the average of 
the survivors in their respective groups were considered to have died from tuberculosis and 
their indices were included in the final calculations (table 1). Histopathologic studies were 
made on the lungs, liver, spleen, lymph nodes, and adrenals from representative animals in 
each group. 


RESULTS 
Effect of Treatment on Extent of Tuberculosis 


In table 1 may be seen the autopsy findings on the twelve groups of guinea 
pigs. 

Uninfected controls, Groups Al and A2: None of the uninfected, treated animals 
exhibited macroscopic tuberculous lesions at autopsy. 

Infected controls, Group B: The index of tuberculosis for the group of infected, 
untreated animals was 9.7. The data provided a basis of comparison with the 
results obtained with the infected, treated groups. 

Corticotropin-treated, Groups C1, C2, and C3: The infected corticotropin- 
treated groups had average indices of tuberculosis of 10.0, 9.7, and 10.9, re- 
spectively. The effect of treatment was most pronounced in the animals com- 
prising Group C3, which received the largest dosage, 10 mg. of corticotropin each 
day. In this group a slight exacerbation of disease occurred when compared with 
the untreated controls in Group B. A greater involvement of the lungs and 
spleen was noted. The groups to which corticotropin was administered did not 
exhibit any improvement. 

Cortisone-treated, Groups D1, D2, and D3: The cortisone-treated groups showed 


* The corticotropin (Actrope) used in the investigation was obtained through the cour- 
tesy of Mr. Richard C. Bruner and Mr. 8.8. Kingman, United Laboratories Ltd., Pasadena, 
California. One milligram of Actrope was equivalent to one U.S.P. unit. 

5 A large part of the cortisone acetate (Cortone) employed in this investigation was ob- 
tained through the courtesy of Dr. J. M. Carlisle, Merck & Co., Inc., Rahway, New Jersey. 
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a stepwise progression in the extent of tuberculosis with increasing dosage of 
the hormone. The average indices of tuberculosis for the three groups were 
8.8, 9.8, and 10.6, respectively. The differences are small, however, in comparison 
to the tenfold increase in the amount of hormone administered to each group. 
Group D1, which received the lowest dosage, exhibited slightly less tuberculosis 
and had fewer intercurrent deaths than the untreated controls in Group B. 


TABLE 1 
CoMPARATIVE Errects OF CORTICOTROPIN AND OF CORTISONE ON EXPERIMENTAL 


TUBERCULOSIS 


AVERAGE INDEX OF INTERCUR 
TUBERCULOSISt RENT DEATHS 


DEVIATIONS 


STANDARD 


Al—uninfected 10 mg. of corticotropin per 
day 

Af—uninfected 20 mg. of cortisone per day 

B—infected None 

C1—infected 0.1 mg. of corticotropin per 
day 

C2— infected 1.0 mg. of corticotropin per 
day 

infected 10 mg. of corticotropin per 
day 

Di infected 0.2 mg. of cortisone per day 

D#— infected 2.0 mg. of cortisone per day 

D3~— infected 20 mg. of cortisone per day 

E~ infected 10 mg. of beryllium chloride 
three times weekly 

F1—infected 30 mg. of streptomycin per 
day 

F2- infected 30 mg. of streptomycin per 
week 


* Numerator = number of animals surviving; denominator = total number in group 

t Each organ (spleen, liver, lungs, lymph nodes) was assigned a value of 0 to 4 according to the extent of macro 
scopic tuberculosis. Maximum extent of disease in each animal was 16. Index of tuberculosis is the average total for 
each group (15) 

? Standard deviation = ,/Zd?/N where d = the difference from the mean and N = the number of cases 

§t=—x NiNa Ni + Ng — 2)/(Ni + No) Satin which x = difference between group means. Sx? = the pooled sum 
of squares. N; and Ns = number of cases in groups compared 

j Significant at 1 per cent level 


Less hepatic involvement occurred in the cortisone-treated groups than in the 
control Group B. 

Beryllium chloride-treated, Group E: The animals of Group EF had the highest 
average index of tuberculosis, 13.2, and the highest percentage of intercurrent 
deaths, 40 per cent. Although involvement of the lungs and the lymph nodes 
was comparable to that observed in other groups (compare with C3, D2, and D3), 
the exacerbation of the disease process in the spleen and liver was marked. 

Streptomycin-treated, Groups F1 and F2: Group F1, which received 30 mg. of 
streptomycin daily, had the lowest average index of tuberculosis, 5.5; and the 
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animals were in the best physical condition of all the infected groups. Group F2, 
which received 30 mg. of streptomycin weekly, had only slightly less tuberculosis 
than Group B. The distribution and extent of tuberculosis in Group F2 was 
similar to that of Group D1, which was treated daily with 0.2 mg. of cortisone. 

Comparison of average indices of disease among all experimental groups: The 
average index of tuberculosis of each of the infected, treated groups was compared 
with that of the infected, untreated control Group B by the conventional “t’’ 
test (18). The comparative “t’”’ values are listed in table 1. Since P is greater 
than 0.05 for Groups C1, C2, and C3, which received corticotropin, or for Groups 
D1, D2, and D3, which were treated with cortisone, the null hypothesis need not 
be rejected. 

Under the conditions of the investigation no significant difference in the 
extent of tuberculosis in the groups which received corticotropin or cortisone 
when compared with the untreated control group could be detected. 

The extent of tuberculosis in Group E, which received beryllium chloride, 
and Group F1, treated with the higher dosage level of streptomycin, differed 
significantly from that in untreated controls in Group B. The “t” values com- 
puted for Groups E and F1 were 4.025 and 5.170, respectively, and were sig- 
nificant at the 1 per cent level. 

Intercurrent deaths: No deaths occurred before the initiation of treatment. 
During treatment, 6 of 205 animals succumbed. It is to be noted that 5 of the 
guinea pigs were from groups which received 10 mg. of corticotropin daily, 4 
from Group C3, and one from Group Al. The data, together with the marked 
loss of weight during treatment (figure 1), suggest that the administration of 
10 mg. of corticotropin daily exerts a profound effect upon the metabolism of 
the guinea pig. 

Post-treatment deaths were greatest in Group B (untreated), Group D3 
(treated daily with 20 mg. of cortisone), and Group EF, which received beryllium 
chloride. Of the 25 post-treatment deaths, 14 were considered to have resulted 
from tuberculosis. Death in all other cases was due to intercurrent, nontuber- 
culous infection. Group C3, which received 10 mg. of corticotropin daily, and 
Group E, which received 10 mg. of beryllium chloride three times weekly, had 
the highest percentage of intercurrent deaths, 35 per cent and 40 per cent, 
respectively. This may have represented a manifestation of the deleterious effect 
of the dosage levels of corticotropin and beryllium chloride. 

Effect of infection and treatment on weight: Figures 1, 2, and 3 are graphic 
representations of the effects of infection and of treatment on the average 
weekly weight of the groups. The infected groups, B through F2, gained weight 
for the first two or three weeks following inoculation. The uninfected groups, 
Al and A2, gained weight until treatment was initiated. The effects of treatment 
on weight were most pronounced in Groups A/, C3, and £. The groups exhibited 
a rapid decline in weight, became emaciated, and were the only groups in which 
deaths occurred during treatment. Treatment apparently had little effect on 
the weight of the other corticotropin-treated groups, C1 and C2, inasmuch as 
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the weight graphs during this period closely paralleled that of the untreated 
controls in Group B. 
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Fig. 1. Effects of tuberculosis and of treatment with corticotropin on average weekly 
weights. Group Al: Uninfected, treated with 10 mg. of corticotropin daily. Group B: In- 
fected, untreated. Group C1: Infected, treated with 0.1 mg. of corticotropin daily. Group 
C2: Infected, treated with 1.0 mg. of corticotropin daily. Group C3: Infected, treated with 
10 mg. of corticotropin daily. 


~ TREATMENT 


Fig. 2. Effects of tuberculosis and of treatment with cortisone on average weekly weights. 
Group A2: Uninfected, treated with 20 mg. of cortisone daily. Group B: Infected, untreated. 
Group D1: Infected, treated with 0.2 mg. of cortisone daily. Group D2: Infected, treated 
with 2.0 mg. of cortisone daily. Group D3: Infected, treated with 20 mg. of cortisone daily. 


Groups A2, D1, D2, and D3, which received cortisone, made small gains in 
weight during the period of hormone injection, due in all probability to the 
development of a slight edema. Upon cessation of treatment all groups lost 
weight with the exception of Group D1. The greatest loss in weight occurred in 
Group D3, presumably due to the effects of tuberculosis and of the massive 


900] 
| 
630 y 
/ 
60014 
ow 8 & 6 
900. 
az 
‘e/ 
600 
700] * x ~ 
Y x > 
esol / 
ve 
600 
$50 
° 2 6 ww 
= 
NOC ULATED 
i 


36 WEIMER, BOAK, BOGEN, DRUSCH, MILLER, MOSHIN, AND CARPENTER 


dosage of cortisone. This is indicated by the fact that the uninfected Group A2, 
which received the same dosage, 20 mg. of cortisone daily, manifested no marked 
decrease in weight, nor did the infected, untreated control Group B. 


10 " 
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Fig. 3. Effects of tuberculosis and of treatment with beryllium chloride and with strep- 
tomycin on average weekly weights. Group B: Infected, untreated. Group E: Infected, 
treated with 10 mg. of beryllium chloride three times weekly. Group F1: Infected, treated 
with 30 mg. of streptomycin daily. Group F2: Infected, treated with 30 mg. of streptomycin 
once weekly. 
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Fig. 4. Effect of corticotropin on dermal sensitivity to Old Tuberculin. Group B: In- 
fected, untreated. Group C1: Infected, treated with 0.1 mg. of corticotropin daily. Group 
C2: Infected, treated with 1.0 mg. of corticotropin daily. Group C8: Infected, treated with 
10 mg. of corticotropin daily. 


Following the treatment period, Groups Al, A2, and F/ (uninfected or strepto- 
mycin-treated) made rapid weight gains which continued throughout the experi- 
ment. All other groups showed a gradual decline in weight, with pronounced 
decreases in the final weeks of the experiment. 
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Effect of Treatment on Dermal Sensitivity 


The results of repeated tuberculin tests are recorded graphically in figures 4, 
5, and 6. Since many of the animals had dark skins, in which the 48-hour result 
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Fia. 5. Effect of cortisone on dermal sensitivity to Old Tuberculin. Group B: Infected, 
untreated. Group D1: Infected, treated with 0.2 mg. of cortisone daily. Group D2: Infected, 
treated with 2.0 mg. of cortisone daily. Group D3: Infected, treated with 20 mg. of cortisone 
daily. 
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Fic. 6. Effects of beryllium chloride and of streptomycin on dermal sensitivity to Old 
Tuberculin. Group B: Infected, untreated. Group E: Infected, treated with 10 mg. of bery! 
lium chloride three times weekly. Group F1: Infected, treated with 30 mg. of streptomycin 
daily. Group F2: Infected, treated with 30 mg. of streptomycin once weekly. 


was not readily ascertainable, it was deemed advisable to employ the 96-hour 
reading for comparative purposes. 
All infected animals were tuberculin positive when skin-tested four weeks 
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after inoculation and prior to the initiation of treatment. During treatment 
a marked depression of cutaneous sensitivity occurred in Groups C3 and D3, 
which received 10 mg. of corticotropin and 20 mg. of cortisone daily, respectively. 
Dermal sensitivity to tuberculin of the corticotropin-treated Group C3 rapidly 
appeared after the hormone was discontinued (figure 4). Dermal sensitivity in 
the cortisone-treated Group D3 returned more slowly (figure 5). No effect on 
the tuberculin reaction was noted in the infected Groups C1 and C2, which 
received the smaller doses of corticotropin, or in Groups D1 and D2, treated 
with cortisone. 

Lower Mantoux test readings were also observed in Group F1, which received 
the larger dosage of streptomycin (figure 6). Whether this represents a partial 
suppression of tuberculin sensitivity or a delayed development due to the 
therapeutic action of streptomycin is unknown, but the latter explanation seems 
more reasonable. 

Group E, injected with neutralized beryllium chloride, exhibited a partial 
depression of dermal sensitivity. Although the depression was not as marked 
as in Groups C3, D3, and F1, it persisted for a longer period (figure 6). 

The mean dermal sensitivity of Groups C3, D3, E, and F1 (corticotropin, 
cortisone, beryllium, and streptomycin, respectively), determined by the Man- 
toux test carried out during treatment, was compared with that of the untreated 
controls in Group B by the “t” test (18); “t’” values of 7.168, 5.014, 3.486, and 
4.122 were calculated for Groups C3, D3, E, and F1, respectively, which were 
significant at the 1 per cent level. The difference in mean dermal sensitivity 
between Group D3 and Group B remained significant at the 1 per cent level 
(t = 4.096) for the tuberculin skin test performed the week following cessation 
of treatment. 

Tuberculin tests in the uninfected controls, Groups Al and A2, were negative 
at the beginning and at the end of the experiment. 

Dermal sensitivity to 0.1 ml. of a 0.5 per cent solution of Old Tuberculin was 
so slight and variable that its significance was questionable. 


Histopathologic Observations 


Microscopic examination of tissues of guinea pigs from the histologic sections 
from infected groups exhibited the usual evidence of acute progressive tuber- 
culosis. Extensive infiltration with polymorphonuclear leukocytes, lymphocytes, 
and mononuclear cells in varying proportions, areas of caseous necrosis, and 
occasional giant cells and epithelioid transformation were observed. Differences 
in the size of individual lesions, intensity of the tissue reaction, and degree of 
acute inflammatory or necrotic changes were noted. Generally, such variations 
were related to the age of the individual tubercle. Other lesions in the same or 
other organs of the same guinea pig showed changes similar to those in other 
groups. 

There was little evidence of resorption or fibrosis except in Group F1, treated 
with 30 mg. of streptomycin daily. In such guinea pigs, minute miliary lesions 
were evident with minimal peripheral inflammatory infiltration. Fibroblastic 
organization of the tubercle was observed. 
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Both uninfected Groups Al and A2, which received corticotropin and corti- 
sone, respectively, exhibited no unusual histologic changes. It is possible that, if 
sections had been taken during or soon after the termination of treatment, 
more marked and specific differences would have been observed. 


DISCUSSION 


In the present investigation the post-treatment effects of corticotropin and 
of cortisone on experimental tuberculosis were studied in guinea pigs which were 
not autopsied until 68 days after the cessation of treatment. The administration 
of three different dosages of corticotropin and of cortisone, varying from minute 
to massive amounts, was without significant effect on the course of tuberculosis 
in guinea pigs. Histopathologic studies confirmed the autopsy findings. 

The adverse effects of corticotropin or of cortisone upon experimental tuber- 
culosis in the guinea pig described by other investigators (3, 6, 7, 11) were not 
confirmed in this study. Apparently, the natural progression of the disease in 
the host tends to obscure the deleterious effects of hormone administration in 
an extended post-treatment period. 

Variations in the extent of tuberculosis occurred in all groups. In order to 
minimize the effect of large individual deviations upon group averages, larger 
groups of animals were employed than in the studies reported previously. 
Individual variations within groups were most pronounced in Group C3, treated 
with 10 mg. of corticotropin daily, Group D1, treated with 0.2 mg. of cortisone 
daily, Group F1, treated with 30 mg. of streptomycin daily, and Group F2, 
which received 30 mg. of streptomycin weekly. 

The validity of the experimental data is supported by the observation that, 
as should be anticipated, Group F1, which received the larger dose of strepto- 
mycin, exhibited significantly less macroscopic tuberculous involvement than 
the untreated control Group B (16), while the converse was true for Group LF, 
which received neutralized beryllium chloride (15). 

LeMaistre and Tompsett (12) reported that evidence of enhancement of 
the tuberculous process in guinea pigs was not obtained during the period in 
which excessively large amounts of corticotropin and cortisone were administered. 
The data presented in this communication allow a similar conclusion to be 
drawn with regard to experimentally infected guinea pigs autopsied 68 days 
following the termination of treatment. 


SUMMARY 


The post-treatment effects of corticotropin and of cortisone upon experimental! 
tuberculosis in guinea pigs has been investigated. Treatment with 0.1 mg., 
1.0 mg., and 10 mg. of corticotropin daily and 0.2 mg., 2.0 mg., and 20 mg. 
of cortisone daily for 21 days was without significant effect on the extent of 
tuberculosis in animals autopsied 68 days after termination of treatment. 

A significant depression of dermal sensitivity to Old Tuberculin during treat- 
ment occurred in animals which received either 10 mg. of corticotropin or 20 
mg. of cortisone. 
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SUMARIO 


Efectos Comparativos de la Corticotropina y la Cortisona sobre la Tuberculosis Experimental 

Esta investigacién comprendié los efectos postterapéuticos de la corticotropina y la 
cortisona sobre la tuberculosis experimental del cobayo. El tratamiento con 0.1 mg., 1.0 
mg. y 10.0 mg. diarios de corticotropina y con 0.2 mg., 2.0 mg. y 20.0 mg. diarios de corti- 
sona no ejercié efecto significativo sobre la extensién de la difusién de la tuberculosis en los 
animales en que se hizo la autopsia a los sesenta y ocho dfas de terminar el tratamiento. 

En los animales que recibieron cada dia ya 10.0 mg. de corticotropina o 20.0 mg. de cor- 
tisona hubo una disminucién importante de la sensibilidad dérmica a la tuberculina antigua 
durante el tratamiento. 


RESUME 


Effets comparés de lUhormone adréno-corticotrope et de la cortisone dans la tuberculose 
expérimentale 


Les effets du traitement de la tuberculose expérimentale du cobaye par |’hormone corti- 
cotrope et la cortisone ont été étudiés; le traitement par l’hormone corticotrope aux doses 
de 0,1 mg., 1 mg. et 10 mg. par jour et la cortisone aux doses de 0,2 mg., 2 mg. et 20 mg. 
par jour, pendant 21 jours, n’a pas permis d’observer une modification appréciable de 1’é- 
tendue de la tuberculose chez les animaux autopsiés soixante-huit jours aprés la fin du 
traitement. Au cours du traitement une diminution significative de la sensibilité dermique 
& la vieille tuberculine est survenue chez les animaux qui recevaient 10 mg. d’hormone 
corticotrope ou 20 mg. de cortisone par jour. 
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PARA-AMINOSALICYLIC ACID IN SPUTUM! 
Effect on Culture for Tubercle Bacilli 
BEN FRUHLINGER ano JOHN BALA 
(Received for publication December 23, 1952) 
INTRODUCTION 


The occasional failure to cultivate tubercle bacilli from the sputum of tuber- 
culous patients when acid-fast bacilli can be demonstrated by microscopic 
examination is a well-recognized vagary of the concentration-culture method. 
Nevertheless, the present writers have been impressed with the increased number 
of such reports since the introduction of chemotherapy. An analysis of the sputum 
records of patients at the Ray Brook State Tuberculosis Hospital revealed that 
the frequency of negative cultures for tubercle bacilli from positive smear 
specimens was increased during chemotherapy, particularly with the combi- 
nation of streptomycin (SM) or dihydrostreptomycin (DHSM) with sodium 
para-aminosalicylic acid (PAS) (table 1). The predominance of positive smear- 
negative culture reports in the group receiving PAS, and the knowledge that a 
portion of the liquid drug left in the mouth following ingestion can be carried 
with sputum into the specimen bottle, led to the following study on the estima- 
tion of PAS in sputum and the extent to which it is responsible for inhibiting the 
growth of tubercle bacilli on artificial culture media. 


METHODS 


Among the sputum specimens arriving at the laboratory for bacteriologic examination, 
specimens were selected from patients whose current medical status made it likely that 
tubercle bacilli would be found on microscopic examination of the expectorated material. 
All patients were receiving continuous combined therapy, 20 ml. (4 gm.) of sodium PAS 
by mouth three times daily in addition to intramuscular injections of streptomycin or dihy- 
drostreptomycin. The specimen bottles contained not more than 60 to 120 cc. of sputum 
collected during a maximum period of three days. The sputum was transferred to a clean 
bottle and an equal volume of 4 per cent sodium hydroxide was added. The contents were 
shaken, incubated, neutralized with 10 per cent hydrochloric acid, and centrifuged ac- 
cording to the commonly employed procedure for concentration of sputum. 

The sediment was used for quantitative determination of PAS; for inoculation of two 
tubes of modified Hohn’s medium; and smeared on a slide for microscopic examination. 
The slides were examined under oil-immersion lens for at least ten minutes. The culture 
tubes were placed in a slanting position in the incubator for the first twenty-four hours, 
then set upright in racks and observed for colony growth at weekly intervals for a maxi- 
mum period of six weeks. The PAS determinations were made with 2 ml. of sediment, to 
which distilled water was added to make a 1:10 dilution (additional dilutions and correc- 
tions for turbidity were made when necessary) and the procedure was carried out accord- 
ing to the method of Marshall (1). The concentration of PAS in the sample was recorded 
in terms of the Klett colorimetric scale; this was converted to mg. per 100 ml. by the for- 
mula: 


strength of standard 
mg. of PAS per 100 ml. = — — ee < reading of unknown X dilution 
reading of standard 


‘From the Ray Brook State Tuberculosis Hospital, Ray Brook, New York. 
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Before attempting this study, fifteen specimens of tuberculous sputum from patients 
not receiving chemotherapy were subjected to the above procedure. In no instance was 
there any color reaction other than that of the reagent blank. To determine the accuracy 
of the method, sodium PAS, in a final concentration of 20 mg. per 100 ml., was added to 
four tuberculous sputa from untreated patients. The average recovery of PAS by the 
method was 18.5 mg. per 100 ml. (92.5 per cent) before treatment with sodium hydroxide. 
The average recovery of PAS from the concentrated sediments of these sputum specimens 
was 2.5 mg per 100 ml., approximately one-seventh of the original amount. 


TABLE 1 
Resuits EXAMINATION OF Sputum ror Tuperc ie 196 Patrents* 


DURING CHEMOTHERAPY 


PRIOR TO CHEMOTHERAPY Dihydrostreptomycin or Dihydrostreptomycin or 


Streptomycin 2 to 3 Streptomycin with 
MICROSCOPIC EXAMINATION Months PAS 3 to 6 Months 


Number Cultures Number Cultures Number Cultures 
of Speci- Negative for of Speci- Negative for of Speci- Negative for 
mens M. tuberculosis mens M. tuberculosis mens M. tuberculosis 


Smear positive for acid- 
fast bacilli 270 4(15 per 466 14 (3 per 112 25 (22 per 
cent) cent) cent) 


Smear negative for acid- 
fast bacilli ... 230 107 47 per 159 116 (73 per 295 244 (83 per 
cent) cent) cent) 


* 111 patients received dihydrostreptomycin or streptomycin; 85 patients received di- 
hydrostreptomycin or streptomycin with PAS. 


RESULTS 


Ninety-six specimens were submitted by 59 patients. Twelve cultures were 
discarded because of contamination. In the remaining 84 specimens, PAS was 
present in more than one-half, in amounts ranging from 0.03 mg. to 10 mg. per 
100 ml. A relatively high concentration, 1 mg. or more per 100 ml., was found in 
one-fourth of the specimens. 

Tables 2 and 3? serve to show the relationship between the occurrence of 
cultures negative for tubercle bacilli and the presence of PAS in sputum. Among 
the specimens which contained PAS there were 29 in which acid-fast bacilli 
could be demonstrated by microscopic examination; 38 per cent of these 29 
specimens failed to yield tubercle bacilli on culture. In contrast, all specimens 
which were positive for acid-fast bacilli but contained no PAS yielded growth of 
M. tuberculosis on the culture medium. Although the number of samples is 
small, the relationship between cultures negative for tubercle bacilli and the 
presence of PAS is carried a step further by tabulating the culture results ac- 
cording to the concentration of PAS in the sputum. It would be expected that 
specimens with an effective concentration of PAS would have a higher rate of 
cultures negative for M. tuberculosis. In table 3 it is shown that most of the 
samples with a 1 mg. per 100 ml. or greater concentration of the drug gave 


* The tables of results are intended primarily to show the data from examination of 
positive smear sputa but the negative smear results are included for interest. 
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cultures negative for tubercle bacilli, whereas one-fourth of those with less than 
1 mg. per 100 ml. failed to yield growth. It may be noted that tubercle bacilli 
were recovered from sputum containing higher concentrations of PAS only when 
the organisms were resistant to PAS as shown by the customary drug-suscep- 
tibility tests. 


TABLE 2 


Bacteriotoaic Finpincs TasuLtatep To SHow RELATIONSHIP OF CULTURES 
Neoative ror M. Tuspercutosis to PAS Sevtum 


PAS spvtrum wo PAS In TOTAL 
WECROSCOPIS EXAMINATION Number Cultures Number Cultures Number Cultures 
of Negative for of Negative for of Negative for 
Specimens M. tuberculosis Specimens M. tuberculosis Specimens M. tuberculosis 
Smear positive for acid 
fast bacilli 29 11 (39 per 27 None 56 11 (19.6 per 
cent) cent) 
Smear negative for acid- 


fast bacilli 15 (88 per 11 9 (82 per 28 24 (85 per 
cent) cent) cent) 


Twelve contaminated cultures omitted from tabulation. 


TABLE 3 
Data TABULATED TO SHow RELATIONSHIP OF CULTURES 
NEGATIVE FOR M. TusBercuLosis TO CONCENTRATION OF PAS In Sputum 


CONCENTRATION OF PAS ty spvcTuM 


00 10 Mg. 100 Ml. 
Less than | Mg. per 100 Ml i at per 


Number Cultures Negative 


of 
Specimens for M. tuberculosis 


Cultures Negative for 
M. culosis 


24 percent)* 12 7 (58 per cent){ 
75 per cent)t 9 9 (100 per cent) 


Smear positive for acid-fast bacilli 17 4 ( 
Smear negative for acid-fast bacilli 8 6 ( 


Susceptibility tests: 

* 2 positive cultures resistant to PAS, 1 mg. per 100 ml. 
t 1 positive culture resistant to PAS, 1 mg. per 100 ml. 
$5 positive cultures resistant to PAS, 1 mg. per 100 ml. 


Among the entire group of 84 specimens there were 56 positive for acid-fast 
bacilli on smear, of which 11 yielded no growth of M. tuberculosis on culture. 
The findings related above suggest that these failures to culture tubercle bacilli 
can be accounted for in most part by a bacterial inhibiting concentration of 
PAS in the collected specimens of sputum. 


DISCUSSION 


This investigation was conducted to provide an explanation for the increased 
number of sputum specimens positive for acid-fast bacilli on smear but negative 
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for tubercle bacilli on culture which have been observed during chemotherapy. 
Prior to the widespread use of antimicrobial drugs, each sputum specimen which 
contained acid-fast bacilli on microscopic examination yielded tubercle bacilli 
on culture with few exceptions. A slight lowering of the yield of cultures positive 
for tubercle bacilli in such specimens was observed during administration of 
streptomycin or dihydrostreptomycin. During a period of combined chemother- 
apy (streptomycin or dihydrostreptomycin with PAS), however, 22 per cent of 
specimens positive on smear were reported negative for tubercle bacilli by 
culture examination. The data suggested that the expectoration of PAS into the 
sputum collection bottle might be a contributing factor. Subsequently, the 
sputum of a selected group of patients was examined quantitatively for PAS 
and the relationship of “positive smear-negative cultures” to PAS was demon- 
strated. 

The probability that the PAS found in sputum is derived from that left in the 
mouth following oral administration is supported by the following observation. 


Assay of a sputum collected immediately after drinking PAS and rinsing 
the mouth with water yielded a recovery of 45.5 mg. of PAS per 100 ml. in the 
sputum and 7.5 mg. per 100 ml. in the concentrated sediment. Specimens col- 
lected at half-hour intervals after ingestion of PAS were assayed and showed 
decreasing concentrations of drug. One-half hour after ingestion the sputum con- 
tained 7.6 mg. per 100 ml. and the sediment contained 1.3 mg. per 100 ml., and 
at one hour the recovery was 2.8 mg. per 100 ml. in the sputum and 0.47 mg. per 
100 ml. in the sediment. One and one-half hours after ingestion of PAS the 
values were 1.9 mg. per 100 ml. for the sputum and 0.3 mg. per 100 ml. for the 
sediment. 

Six specimens of sputum collected two hours after drinking PAS and rinsing 
the mouth with water were assayed and the average recovery of PAS was 1.3 mg. 
per 100 ml. in the sputum and 0.2 mg. per 100 ml. in the sediment. These re- 
covery amounts were doubled when the mouth rinsing was omitted. 


The high concentrations of PAS which can be found in the sputum during the 

first half hour after drinking liquid PAS could hardly represent drug which was 
excreted. Search of the literature failed to reveal any report of the excretion of 
PAS in the saliva or bronchial washings. 

The results of this study suggest that the efficiency of the concentration- 
culture method for recovery of living tubercle bacilli during combined chemo- 
therapy can be enhanced by proper cleansing of the mouth and collection of 
sputum. At present the request for a sputum specimen is accompanied by in- 
structions to rinse the mouth thoroughly with tap water following each dose of 
PAS and to refrain from expectorating into the sample bottle until an hour has 
elapsed. This recommendation is based on information gained from measurement 
of PAS in sputum at fifteen-minute intervals following oral ingestion of 20 ml. 
(4 gm.) of liquid PAS. 

It is reasonable to assume that tubercle bacilli in populations too small to be 
detected by microscopic examination of a slide preparation are also influenced 
by contact with PAS in the higher concentration and contribute to an undeter- 
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mined number of culture failures. The results from the examination of a few 
“negative smear’’ specimens reported in table 3 suggest that this has taken 
place. The size of the bacterial population is in itself a factor which influences the 
rate of successful cultures from sputum exposed to toxic agents. A recent com- 
munication (2) relative to the toxic effect of sodium hydroxide on tubercle 
bacilli points to the limitations of present laboratory methods for the culture of 
tubercle bacilli from material when the organisms are too few to be found in 
stained preparation. In practice, the majority of cultures negative for tubercle 
bacilli despite the presence of acid-fast bacilli on smear were derived from 
Gaffky I and IT samples although the latter comprised a minority of the speci- 
mens. This implies that the elimination of sodium hydroxide and PAS from 
sputum would result in an increase in the rate of cultures positive for M. tuber- 
culosis from samples of low bacterial content. 


SUMMARY 


Sputum specimens obtained from tuberculous patients receiving combined 
chemotherapy (streptomycin, or dihydrostreptomycin, combined with the oral 
administration of liquid sodium para-aminosalicylic acid) were examined for 
tubercle bacilli by the concentration-culture procedure, and the concentration of 
PAS in the sputum was quantitatively determined. 

The object of the study was to determine whether PAS was present in the 
samples in a significant amount; to determine the rate of cultures negative for 
M. tuberculosis despite “positive smear” sputum; and to evaluate the possible 
relationship between the two sets of observations. 

It was found that one-fourth of the specimens contained 1 mg. or a greater 
concentration of PAS per 100 ml. Among the sputa in which acid-fast bacilli 
could be demonstrated by microscopic examination, 20 per cent failed to yield 
tubercle bacilli on culture. It was shown that the occurrence of cultures negative 
for M. tuberculosis from “positive smear’ sputum was closely associated with the 
presence of PAS in the specimen. 

The study suggests that the increased frequency of cultures negative for M. 
tuberculosis from “positive smear” sputum observed during combined chemo- 
therapy can be attributed in large part to a growth-inhibiting concentration of 
PAS in a proportion of specimens submitted by patients. The significance of the 
findings is discussed with reference to sputum specimens of low bacterial content 
and it is recommended that PAS be eliminated from sputum collected for bacte- 
riologic examination. 


SUMARIO 
El Acido Para-Aminosalicilico en el Esputo: Efecto sobre el Cultivo de Bacilos Tuberculosos 
Ejemplares de esputo obtenido de tuberculosos que recibian una terapéutica combinada 
(estreptomicina o dihidroestreptomicina, combinada con la administracién oral de &cido 
para-aminosalicflico sédico Ifquido) fueron examinados en busca de bacilos tuberculosos 
con la técnica de concentracién del cultivo, determindndose cuantitativamente la concen- 
tracién de PAS en el esputo. 
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El objeto del estudio era: determinar si habia PAS en los ejemplares en cantidades im 
portantes; la proporcién de cultivos negativos para M. tuberculosis a pesar de ser el esputo 
“‘positivo en frotes’’, y justipreciar la posible relacién entre las dos series de observaciones 

Descubriése que la cuarta parte de los ejemplares contenfan 1 mg. o mds de PAS por 100 
ml. De los esputos en que podian descubrirse bacilos 4cidorresistentes con el examen micros 
cépico, 20 por ciento no mostraron bacilos tuberculosos en los cultivos. Observése que la 
ocurrencia de cultivos negativos para el M. tuberculosis en el esputo ‘‘positivo en frotes”’ 
se relacionaba {ntimamente con la presencia de PAS en el esputo. 

Sugiere este estudio que el aumento de los cultivos negativos para el M. tuberculosis en 
el esputo “‘positivo en frotes,’’ observado durante la terapéutica combinada, puede acredi- 
tarse en gran parte a una concentracién de PAS, inhibidora del desarrollo en cierta pro- 
porcién de los ejemplares suministrados por los enfermos. Discdtese la importancia de esos 
hallazgos con referencia a ejemplares de esputo que contienen pocas bacterias y 
recomiéndase que se elimine el PAS del esputo recogido para examen bacterioldégico. 


RESUME 


L’acide paraminosalicylique dans les crachats: son action sur la culture du 
bacille tuberculeuz 


Des spécimens de crachats recueillis chez des tuberculeux ont été traités par la chimio- 
thérapie combinée (streptomycine ou dihydrostreptomycine en association avec |’adminis- 
tration orale d’acide para-aminosalicylique liquide), les bacilles tuberculeux ont été ensuite 
isolés par la technique homogéneisation-culture et la concentration du PAS dans les crachats 
a été déterminée quantitativement. 

L’objet de l'étude était de vérifier si le PAS était présent en quantité appréciable dans 
les échantillons, de déterminer le taux des cultures M. tuberculosis négatives méme dans les 
cas ou |l’examen des crachats était positif; et de rechercher la corrélation possible entre les 
deux catégories d’observations. 

L’étude a montré que dans 25% des échantillons la concentration du PAS était de 1 mg. 
ou plus par 100 ml. Dans les crachats of l’examen microscopique révelait la présence de 
bacilles acido-résistants, 20% d’entre eux donnaient des cultures M. tuberculosis néga- 
tives. L’étude a démontré que la fréquence de cultures M. tuberculosis négatives A partir de 
“étalements positifs” était étroitement associée A la présence de PAS dans le spécimen. 

L’étude suggére que la fréquence croissante de cultures M. tuberculosis négatives a 
partir de crachats ‘‘positifs’’, qui est observée au cours de la chimiothérapie combinée, 
peut étre attribuée en grande partie A une concentration du PAS suffisante pour inhiber 
la croissance dans une certaine proportion des spéciments prélevés chez les tuberculeux. 
La signification des résultats a l’égard des spécimens de crachats A contenu bactérien faible 
est commentée; les auteurs conseillent d’éliminer le PAS des crachats soumis A |’examen 
bactériologique. 

REFERENCES 
(1) Marsnauy, E. K., Jr.: Determination of para-aminosalicylic in blood, Proc. Soe 
Exper. Biol. & Med., 1948, 68, 471. 
(2) Yeatan, D., anv Bupp, V.: Toxic effect of sodium hydroxide on tubercle bacilli, Am. 
J. Clin. Path., 1952, 22, 456. 
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A RAPID METHOD OF SCREENING ANTITUBERCULOUS AGENTS IN 
THE GUINEA PIG':* 


SYDNEY D. RUBBO ano BARBARA J. PIERSON 


(Received for publication January 21, 1953) 


INTRODUCTION 


Of the many techniques which have been used for evaluating the antituber- 
culous activity of antimicrobial compounds (1-18), those which measure the 
prolongation of survival time of intravenously infected mice (3, 5, 7, 8, 13, 14) 
or those measuring the reversal of systemic tuberculosis in guinea pigs seem to 
be the most widely favored (2, 4). The mouse test offers real advantages over 
the guinea pig test in that it is short in duration, usually twenty-five to thirty 
days, and hence economical in drugs and space. However, in all modifications 
of the mouse test, treatment is commenced prior to or at the time of infection, 
so that it provides no information on the ability of the substance to promote 
healing of an established tuberculous lesion. This point has been strongly 
emphasized by Feldman and Hinshaw (2) and later by Karlson and Feldman (11). 
Since the tuberculous process in the guinea pig can advance to an easily recog- 
nizable degree without causing death, Feldman and his associates have preferred 
to use guinea pigs as test animals and to assess the tuberculo-therapeutic effect 
by the retrogression, macroscopically and microscopically, of the tuberculous 
lesions. While this method of screening is theoretically desirable, it is unsuited 
for large-scale screening tests because of the duration (sixty to ninety days), 
complexity, limitation of space, and short supply of test compounds. For these 
reasons many consider the mouse the test animal of choice. 

In an attempt to overcome these objections and yet satisfy the important 
requirement of demonstrating the reversal of a tuberculous lesion, one of us 
(S.D.R.) devised the method about to be described. Essentially, the principle 
of the test is to induce a number of tuberculous ulcers (four) on the shaven back 
of the guinea pig and then measure the rate of healing of these ulcers during 
treatment with the test substance. The result can be easily expressed numerically 
as an HR value (see below) and, of course, can be measured objectively. An 
arbitrary standard, HR50, which expresses a 50 per cent healing response in the 
treated animals when compared with the untreated controls, can be taken as 
the minimal index of chemotherapeutic activity. Since an answer on chemo- 
therapeutic activity can be obtained with as few as 3 treated and 3 control 
animals in fourteen days with a drug such as isoniazid, it was thought worth 
while to record some details of the method. 


' From the School of Bacteriology, University of Melbourne, Victoria, Australia. 
? This work was supported by a grant from the National Health and Medical Research 
Council, to whom the writers express their grateful thanks. 
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lesto qanise Two have been used in these e\pertments VM 


herculosis HB7Rv and « recently isolated human strain from a case of pulmonary tuberculo 


sis, hereinafter designated as Petty 
soth organisms were kept as dried cultures in sealed ampoules trom which cultures were 


prepare don Lowenstein medium every eight weeks, After three weeks’ incubation at 37 ¢ 


the Lowenstein cultures were maintammed at 4°C. and cultures for animal experiments were 


prepared by subculturing the organism in Dubos Davis Tween albumin medium for four 


teen dave at 37°C. The fluid eultures were diluted Lin physiologic saline to give Sus 


pension containing approximately 2 LO’ viable organisms per ml. as determined by surtace 


plate counts on olete aeid-albumin agar (1 This SUSPENSION Wits used immediately for 


injec thot 


The choice of the organism and the size of the infecting dose is not eritieal but it is con 


venient to use a highly virulent organism and a fairly heavy inoculum in order to obtain 
measurable uleers rapidly. Since the strain of MW. tuberculosis, Petty, was found to be more 


virulent than the strain of HS7Rv available (table t it has been used in most of the ex 


periments 


TABLE. | 


TUBERCULOSIS 


SIZE TO THE NEAREST 


DAYS APTER INFECTION 


AVERAGE 


Petty for origin 


text 


It will be noted that the incubation periods for ulceration are similar with both strais 


fo VM. tuberculosis but the size of the infeeting dose greatly modifies the incubation pertod 


Hlowever, the inerease in size of the uleers proceeded more rapidly with Petty than with 


H37Rv, particularly when 10° organisms were injected. [tts recommended, therefore, that 


i strain of tubercle bacillus be used which has approximately the same virulence as Petty 


Its worth noting that there was no evidence ol iling of the uleers during 


perpod of fitts days figure 2 


Route of infection: The animals were infected by imntracutaneous of mil. of 


diluted culture containing approximately 10° viable organisms (see above) using a standard 


tubereulin svringe and «a short bevel 26-gauge needle. Each animal received 4 injections at 


previously marked sites on the shaven back (for distribution of uleers see fygure 4), the on 


ections being done while the animal was under a light ether anesthesia, [Tt was found tnpos 


sible. as well as highly dangerous, to attempt injection without anesthesia. A metal thimble 


was worn over the first finger ofl the left hand as protection mainst seerdental needle in 


The back was chosen as the site of election simee itis the most accessible postition lor 


Pween SOis the proprietary name tor the polvonrs ethvlene derivative of Sorbitan mone 


om the Atlas Powder Co). Wilmington, Delaware 
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Inspection and measurement of the uleers and cannot be reached by the animal's paws on 


traumatized by the metal cage 

Strain of quinea pigs: Throughout this work male animals were used which were white 
with light tan or brown markings or light tan and weighed between 350 and 500 gm. Pure 
white pigs should not be used as they tend to be highly susceptible and develop large ind 
irregular uleers. Guinea pigs from three different sources have been tried without showing 
mv marked differences in the rate of ulcer development when untreated or of healing during 
treatment. The age and size of the animal was an important factor; with young animals 
weight less than 400 gm.) the ulcers tended to be irregular in shape and size. Accordingly 
it ix recommended that white animals with light tan or brown markings which weigh be 
tween (00 and 600 gm. be used 

Veasurement of ulee The typical uleer was cireular and punched out, the edge usu ally 
vas raised and reddened, the base dry and usually covered with tough red seab (figures | 


1%) There was no palpable abscess ind. on removal of the seab. a pale, vellow tuberculous 


Fig. t. Method of measuring diameter of tuberculous ulcer 


tissue with little or no cis harge Was seen Histologieally in the base of the uleer there was 
marke | poly morph pentane lear and ly mphoey te infiltration in the connective tissue extending 
laterally to the uleer e lye and vertically down to the muscularis Tubercle baeillh could 
easily be demonstrated in this inflammatory area at the end of the incubation period but 
became sparser as the uleer increased tn size 

The diameter of the uleers was measured using « glass slide ruled in millimeter divisions 
and mounted in a metal holder. No attempt was made to remove the seab the uleer edge 
beimg clearly demareated by moistening with 70 per cent ethvl aleohol 

The messurements were made, as shown in figure 1, twice a week (Mondays and Thurs 
davs) and from the readings the average diameter of an ulcer for a group of animals was 
calculated. For «a group of 3 animals the average diameter of the uleer would be the average 
of 12 uleers 


Caging and handling of animals: The animals were housed in a separate room and kept 


in wire eages IS by IS by IS inches with open mesh bases. Three to 6 animals were put in 


each cage. Thev were given the standard diet of these laboratories for guinea pigs, namely, 
dry food mixture consisting of one part of erushed oats, maize meal, meat meal, 3 parts of 
pollard, and five parts of bran together with daily supply of fresh cabbage leaves and lu 
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The backs were shaved once weekly (Mondays) with an Oster No. 2 small animal clipper, 
the operators wearing gowns, rubberized aprons, rubber gloves, masks, and hair caps. Prior 
to shaving, the back of the animal was liberally swabbed with 70 per cent alcohol to prevent 
excessive dispersal of potentially contaminated hair. 

Disinfection of the clipper, aprons, table tops, doors of animal cages, et cetera, was done 
with 70 per cent alcohol. All other pieces of equipment, gloves, masks, caps, trays, needles, 
syringes, and glassware, were sterilized by autoclaving. 


OF 
INFECTION 


s 20 as 30 3s 40 as so 
TE 


Fig. 2. Average diameter of ulcers on 20 untreated guinea pigs from separate experiments 
following intracutaneous injection of 10* viable organisms of Mycobacterium tuberculosis, 
Petty strain. 


Number of animals: In any screen test the number of animals required for 
statistically significant grading of activity depends on the degree of variability 
inherent in the test. With the present technique the number of variables are 
few due to the uniform nature of the tuberculous ulceration on the same and 
on different animals and the simple method by which the response is measured. 

The constancy of the ulcerative lesions is well shown in figure 2, in which the 
progress of ulceration in 20 untreated animals is plotted against time. The 
relationship is a linear one and the average diameters of the ulcers fall, for the 
most part, in a 2 mm. band in spite of the fact that the infecting dose may have 
varied in the experiments and that the animals varied in weight, color, and origin. 

Likewise, the healing response to effective dose levels of isoniazid or strepto- 
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mycin showed a constant pattern in individual animals in each of the experimental 
groups (figures 5-8, 10, and 11). It would seem, therefore, that 3 animals per 
dose level and 3 untreated control animals would be sufficient for a preliminary 
screen test of an unknown substance. The present writers have always preferred 
to use two different dose levels for screening an unknown substance, using 3 
animals for each dose and to inelude, for the purpose of comparison, 3 animals 
to which an agent of known effectiveness (isoniazid) is to be given. 

Methods of treatment: Depending on their nature the drugs may be given orally 
or subcutaneously daily for six days a week (Sundays excepted), the size of the 
dose being adjusted according to the weight curve of the animal. Oral ad- 
ministration was given with a graduated Pasteur pipette, the tip of which was 
bent at an angle and covered with valve rubber. Insoluble substances should be 
brought into fine suspensions and small particle size (1 to 2u) by treatment in a 
supersonic disintegrator or ball mill. 

Subcutaneous injections were given in the inner aspect of the thigh, alternate 
limbs being used each day. It was found convenient to use insulin syringes and 
to adjust the volume to be injected in terms of insulin units. In no instance were 
volumes greater than 1 ml. used. 

Commencement of treatment: This was varied to suit laboratory arrangements 
but it is advisable to delay treatment until the ulcers reach an average diameter 
of 5 to 6 mm., that is, in the third to the fourth week after inoculation with an 
organism of similar virulence to Petty (table 1). As will be shown, the calculation 
of the healing response, the HR value, can be made at any time after ulceration 
occurs provided the ulcers are sufficiently large to allow fairly accurate measure- 
ment. From the point of view of short duration testing this pretreatment period 
is unimportant since it is a matter of simple planning to have a supply of guinea 
pigs with established ulcers of three to four weeks’ standing. 

Duration of treatment: This depends on the rate of therapeutic action and the 
method of assessing a significant therapeutic effect. In regard to the former 
the nature of the drug and the dose given will determine the rate of healing and 
for effective action an HR value of 50 (see Assessment of results) can be taken 
as a reliable and stringent index of tuberculo-therapeutic activity. With isoniazid, 
which is a rapidly acting drug in the guinea pig, HR50 is reached about the 
thirteenth day of treatment, whereas with streptomycin twenty-four days of 
treatment are necessary to reach the same endpoint (table 2). While it would be 
unwise to lay down a definite time for treatment, it can be concluded that, if a 
drug cannot score, with adequate dosage, an HR50 value in thirty days, it is far 
less active than either streptomycin or isoniazid and probably chemothera- 
peutically uninteresting. 

Assessment of results: It would be unsatisfactory and far too clumsy to attempt 
to express results of therapy as comparative measurements of actual ulcer 
diameters in treated and untreated groups of animals. To provide a common 
basis for comparison of different drugs, or the same drugs at different dosage 
levels, and in repeated experiments, the HR value, or healing response, has been 
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used as a convenient method of expression of activity. The HR value is calculated 
thus: 


Average diameter of ulcers in controls — Average diameter of ulcers in treated 


Average diameter of ulcers in controls 


x 100 


The HR50O would then indicate that the average size of the ulcers in the 
treated group was 50 per cent smaller than that in the control group at the time 
of measurement, whereas an HR20 would indicate a 20 per cent difference in 
ulcer size in favor of the treated animals. On the other hand, an HR100 means 
complete healing. 

It will be apparent that the HR index could have a negative value in the 
first few days of treatment if the average size of ulcers in the treated group was 
larger than that of the controls. In these cases HRO would be recorded, but 
this is of no importance since it can be avoided by selection of comparable 
animal groups and, in screening a drug possessing in vivo activity, an HR50 
value would be reached within thirty days of treatment. 


To sum up: 

The technique depends on the production of 4 cutaneous ulcers on the shaven back of a 
guinea pig following the intracutaneous injection of approximately 10° viable organisms 
in 0.05 ml. of saline. Three to four weeks after infection, when ulcers approximately 5 to 6 
mm. in diameter have developed, two groups of 3 animals are treated with 2 dose levels 
of the test substance, one group of 3 is untreated as controls, and a fourth group of 3 are 
treated with a substance of known activity, e.g., isoniazid, 15 mg. per kg. of body weight. 
Hence, of the 12 animals, 6 serve as controls, and with experience these may be reduced. 
After a variable period of time depending on the drug and its dosage, the diameter of the 
ulcers in a group treated with an effective agent will be less than half the size of the con- 
trol group, that is an HR value of 50 or more. When this point is reached the screen test 
is complete (with isoniazid twelve to fourteen days of treatment are sufficient) but, if after 
thirty days HR50 is not reached, then the substance may be discarded or retested at a 
higher dosage. 


RESULTS 


In developing the above method, drugs of known chemotherapeutic activity 
were used to test its reliability, in particular isoniazid and streptomycin. 

Screening of tsoniazid and streptomycin: As these two substances are of out- 
standing interest, most attention has been given to them. The results of a 
typical experiment are recorded in the following figures 3-11 and in table 2. 

In figure 3 the average diameter of ulcers in 4 groups of animals is plotted 
against time, treatment being commenced when the ulcer diameter was be- 
tween 5 and 7 mm., that is, approximately four weeks after inoculation with 
10° organisms of the Petty strain. 

It will be immediately apparent from the curves that 5 mg. of streptomycin 
per kg. of body weight failed to influence the course of the disease, but 15 and 
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Figo. 3. Summary of results of screening 
streptomycin and isoniazid. For details of be- 


havior of individual animals in each group, see 
figures 4 through 8. 
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Fig. 5. Progress of ulcers on animals treated 
with subeffective dose of streptomycin. 


Fig. 6. Progress of ulcers on animals treated 
with a minimal effective dose of streptomycin. 
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Fia. 7. Progress of ulcers on animals treated Fia. 8. Progress of ulcers on animals treated 
with an effective dose of streptomycin. with an effective dose of isoniazid. Note heal- 
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ment (compare with figures 10 and 11). 
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Photograph ol 3 animals taken from experiments recorded in tigures 4, 7, and S 


Left to right: untreated guines pig; treated with streptomycin, 30 mg per kg. for 


twenty 
eight days; treated with isoniazid, 30 mg per kg. for twenty-eight davs, 


10 TREATMENT 


COMMENCED SC. ISONIAZIO 25 mg/tg 


ULCER 
AVERAGE 
OlAMETER 


Oavs 
4 wicers on Ndiwidua! anmols 
of vicers on all animals 


Progress of uleers on animals treated with an effective dose of \ 


isoniazid Nat 


the healing response Ing eight dave after treatment Compare with figure S 

30 mg. per kg. showed evidence of healing when compared with the untreated 
controls. Isoniazid, at a dose of 30 mg per kg., induced rapid healing which was 
complete in twenty-four days of treatment 


Figures 15.6.7, and 8 show the ulcer measurements of the individual animals 


in each group. They indicate quite clearly the regular response or lack of it in 
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each animal and support the contention that an accurate grading can be achieved 
with as few as 3 animals per group. Five animals were used for the 15 mg. per kg. 
dose of streptomycin as it was anticipated that this dose was poised at a critical 
therapeutic level. In a second experiment this view was confirmed (figure 12). 

From this information the HR values for each drug may be calculated and are 
given in table 2. 

It will be seen in table 2 that effective chemotherapeutic activity was demon- 
strated in twelve days with isoniazid and in twenty-four to twenty-five with 
streptomycin, indicating that, in the guinea pig, isoniazid is at least twice as 
potent as streptomycin. This grading of activity is well shown in figure 9, a 
photograph of 3 animals, one from the control group HRO, one given strepto- 


TABLE 2 
Rate or HEALING or TuBercuLous U.cers, Expressep as HR Vatues, Durina 
IsoNIAzID AND STREPTOMYCIN THERAPY 
(Calculated from Figure 3) 


DOSE | NUMBER TIME TAKEN TO REACH 
SUBCUTA- or COMMENT ON RESULT® 


NEOUSLY ANIMALS HR20 HRSO 


mg. per ke 
Isoniazid 30 , 12 17 ; Active in 12 days 


Streptomycin : d No response Inactive 
17 25 >30 Active in 25 days 
16 24 29 Active in 24 days 


* Recorded as active when HR value equals 50. 


mycin HR50, and the other isoniazid HR100, each being treated for twenty-six 
days. 
A number of screening tests were made with these drugs at different dosage 
levels with essentially the same results. Only 3 of these need be shown in detail. 
Figures 10 and 11 show typical ulcer curves for isoniazid at dosage levels of 
2.5 and 5 mg. per kg. of body weight, using 7 and 6 animals per group. The 
result again confirmed the high degree of activity of isoniazid and the constant 
pattern of response in each of the individual animals. 
It is of interest to note that this screen test not only rapidly establishes whether 
a drug is active or not but is capable of detecting slight differences in dosage of 
the same drug. Thus, HR50 values for various dosage levels of isoniazid were 
found to be: 
1 mg. per kg. of body weight HR50 in 26 days (3 animals) 
2.5 mg. per kg. of body weight HR50 in 14 days (7 animals) 
mg. per kg. of body weight HR50 in 14 days (6 animals) 
mg. per kg. of body weight HR50 in 13 days (6 animals) 
mg. per kg. of body weight HR50 in 12 days (3 animals) 
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Streptomycin was retested several times but one experiment with 15 mg. per 
kg. of body weight is worth recording because it was the only one in which an 
equivocal result was obtained. Figure 12 shows a group of 6 animals in which 
3 responded and 3 failed to respond to therapy. 

A probable explanation can be given for this unsatisfactory result, namely, 
that the dose level of streptomycin was critically poised so that individual 
variations in susceptibility of the animals was brought out. The animals which 
failed to respond had an average ulcer diameter of 7.5 mm. at the commencement 
of treatment, whereas in those which responded the ulcer diameter was 5 mm., 
indicating a greater degree of susceptibility in the former group. What determines 
this difference is difficult to say but it was noted that the highly susceptible 
animals were pure albinos and the others were white with light tan and brown 
markings. For this reason it is recommended that animals with light color 
markings be used and the employment of pure whites be avoided. 

The chance of random selection of all nonreactors should only 3 animals 
have been used would have been 20 to 1 against; and of selecting one reactor, a 
2 to 1 chance. With careful choice of animals it would be most unlikely that all 
animals in a group would fail to show some evidence of healing under treatment 
with a potentially active substance. 

Apart from this isolated experiment it was obvious from the collected findings 
that the use of the healing ulcer was a reliable guide to chemotherapeutic ac- 
tivity as a short-term screen test. It was important, however, to show that the 
ulcer picture was in fact an accurate reflection of the degree of systemic tuber- 
culosis. Accordingly, all animals used in the experiments were sacrificed and 
examined at necropsy. 

Correlation between ulcer size and systemic tuberculosis: Necropsy examinations 
consisted mainly of macroscopic study of lymph nodes, spleen, liver, and lung. 
In all, approximately 150 necropsies of treated and untreated animals were 
performed, and in no instance was any significant discrepancy noted between 
the extent of ulceration and the severity of generalized tuberculosis. It may be 
mentioned that the necropsy findings of animals shown in figure 12 paralleled 
the ulcerative lesions. A series of necropsy and ulcer charts have been selected at 
random from protocols of different experiments to illustrate this correlation. 
These are reproduced in figure 13. 

It is of interest to note in figure 13 that isoniazid in as low a dosage as 1 mg. 
per kg. of body weight was chemotherapeutically active and equivalent to a 
30 mg. per kg. dose of streptomycin. In this experiment, however, treatment 
was commenced ten days after infection. PAS, by contrast, showed no influence 
on the ulcerative or generalized tuberculous process at a dose of 100 mg. per kg. 
of body weight after forty-eight days of treatment in spite of the fact that treat- 
ment was commenced early (ten days). This was obviously a subeffective dose 
of PAS and does cast doubt on the efficiency of the technique. In order to obtain 
a favorable result with PAS, Feldman, Karlson, and Hinshaw (20) treated 
guinea pigs for 119 days at an estimated daily dose of at least 3,000 mg. per kg. 
of body weight. 
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Fia. 13. Correlation between severity of ulcer lesion and extent of systemic tuberculosis 
in treated and untreated animals selected at random from different experiments. Below each 
ulcer chart the average diameter of ulcers for the animals is given and the figures below this 
indicate the days of infection before treatment was commenced, the duration of treatment, 
and the time which elapsed between cessation of treatment and necropsy. The drawings are 
based on those recommended by Feldman and Hinshaw (2) except that splenic enlargement 
is indicated by a heavy outline of the organ. 
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Hazards in the healing ulcer screen test: That this test depends on the experi- 
mental production of superficial tuberculous lesions immediately raises the 
question whether the personal hazards involved outweigh the advantages of a 
short duration experiment. In an attempt to estimate the dangers, three investi- 
gations were run concurrently during the experiments: (/) measuring cross- 
infection rate in uninfected animals; (2) swabbing of untreated ulcers; and (3) 
swabbing of animal’s skin. 

Cross-infection was measured by caging normal tuberculin-negative guinea 
pigs with untreated control animals for periods of not less than thirty days, 
then keeping the animals for a further period of six to eight weeks. After this 
time the animals were tuberculin tested, then sacrificed, and the organs were 
examined for tuberculous lesions and tubercle bacilli. Of 30 animals exposed 
continuously to infection, 2 developed tuberculosis. 

Swabs, moistened with broth, were smeared over the surface of ulcers on 
untreated animals, cultured on Léwenstein medium for eight weeks at 37°C., 
and then examined for tubercle bacilli. Of 52 swabs from 17 animals, 4 contained 
acid-fast organisms. Fifty swabs from the skin between the tuberculous ulcers 
were taken from 17 animals but none was positive for tubercle bacilli. 

In view of this surprisingly low cross-infection and recovery rate, it is not 
believed that the danger of handling animals infected in the manner described 
is any greater than that involved in handling animals subcutaneously inoculated. 
In fact, the discharge from the palpable abscess which develops after sub- 
cutaneous inoculation is far more dangerous than the dry ulcer produced by 
the intracutaneous route. 


DISCUSSION 


The only screen tests of short duration, that is, less than thirty days, which 
enjoy widespread support are those measuring the ability of substances to 
suppress experimental tuberculosis in mice. The objections which have been 
raised to the use of guinea pigs, such as high drug consumption, long-term 
evaluation, susceptibility to intercurrent infections, et cetera, do not apply in 
the present method of using this animal. Accordingly, it can be firmly argued 
that the advantages claimed for the mouse test as a means of evaluating anti- 
tuberculous agents do not apply when compared with the healing ulcer technique 
in the guinea pig. The following points are relevant. 


When superficial tuberculous ulcers are induced by intracutaneous inoc- 
ulation of guinea pigs, it becomes unnecessary to tuberculin test or kill any 
pretreatment animals for evidence of extent and character of the disease as re- 
commended by Feldman and Hinshaw (2) and Karlson and Feldman (11). The 
number of animals used can be reduced to 3 for each dose level since the ulcer de- 
velopment in the controls or the response to treatment follows a reproducible 
pattern. In the writers’ experience only 6 animals of approximately 200 experi- 
mental animals behaved atypically. Such failures can be avoided to a large degree 
by proper selection of test animals, particularly avoiding the use of small (less 
than 400 gm.) pure white pigs. 
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In regard to the length of treatment required for evaluation of activity, the 
period will vary with the drug and its dosage. On the results so far obtained, 
however, it can be assumed that, unless a 50 per cent healing response (HR50) 
can be achieved in thirty days, the test substance is chemotherapeutically 
uninteresting at the dose given. Thus, the amount of drug required for screening 
at dosage levels of 30 and 100 mg. per kg. for thirty days each with 3 guinea 
pigs weighing 400 to 500 gm. would be approximately 1.5 and 4.5 gm., re- 
spectively. On the other hand, drugs possessing activity equal to that of isoniazid 
could be detected in fourteen days with as little as 50 mg. of material. 

A very real advantage of the healing ulcer technique is the ease with which 
the tuberculous process can be measured objectively and the result interpreted. 
That the tuberculous lesion is always available for inspection provides the 
opportunity to modify an experiment, such as increasing the dosage or length 
of treatment should this be desired. When used solely as a screen test, histologic 
examination of tissues is not essential but it would be advisable to perform a 
necropsy on each animal as a check on the ulcer findings. The evaluation based 
on the healing response, HR value, offers a convenient method of grading chemo- 
therapeutic response, and the time taken to reach HR50 may be taken as an 
index of activity. 

Since this method depends on the regression and healing of an active tuber- 
culous process, it satisfies the requirements laid down by Feldman and his 
associates and meets the objections raised by those who favor the mouse test. 
Thus, it should provide a useful means of extending research in the chemotherapy 
of tuberculosis to laboratories in which facilities were previously considered 
inadequate for in vivo screening of antituberculous agents. 


SUMMARY 


A new technique for evaluating the chemotherapeutic activity of antituber- 
culous compounds has been described. The principle of the method depends on 
measuring the ability of the test substance to induce healing of tuberculous 
ulcers in the guinea pig. The animals are infected under light ether anesthesia 
by intracutaneous injection at 4 sites on the shaven back with an inoculum of 
approximately 10° organisms of Mycobacterium tuberculosis contained in 0.05 ml. 
of saline. Three to four weeks after infection, when ulcers 5 to 6 mm. have 
developed, treatment is commenced with the test substance and a substance of 
known activity (e.g., isoniazid), using 3 animals per dose and 3 untreated as 
controls. At the time when the ulcers in a treated group have diminished to 
half the size of those on the control animals or after a period of thirty days, 
whichever is the shorter period, the experiment is terminated. The result is 
expressed as HR value, which forms the basis for evaluation of activity. Chemo- 
therapeutically interesting substances should score an HR50O, that is, 50 per 
cent healing, within thirty days of treatment. Isoniazid, for example, registers 
an HR50 in approximately fourteen days at dose levels between 2.5 and 15 mg. 
per kg. of body weight, whereas the HR50 with streptomycin at 30 mg. per kg. 
is reached within twenty-six days. 
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The advantages of the technique have been discussed in which it was pointed 
out that the test is technically simple to perform, economical in the use of 
animals, drugs, and time, and provides an objective measure of healing of an 
active tuberculous process. 

Other aspects, such as the choice of organism and animal, the correlation 
between ulcer lesion and systemic tuberculosis, and cross-infection hazards, have 
been presented in detail. 


SUMARIO 
Método Rapido para la Tria de los Agentes Antituberculosos en el Cobayo 


Describese una técnica nueva para justipreciar la actividad quimioterapéutica de los 
compuestos antituberculosos, teniendo por base la medicién de la capacidad de la substan- 
cia en vias de ensayo para obtener cicatrizacién de las dlceras tuberculosas en el cobayo. 
Se infecta a los animales, bajo anestesia leve con éter, por inyeccién intracutdnea en cuatro 
sitios del dorso rasurado, con un indédculo de unos 106 Myco. tuberculosis contenidos en 0.05 
ml. de solucién salina. De tres a cuatro semanas después de la infeccién, cuando se han 
formado Glceras de 5 a 6 mm. de tamafio, se inicia el tratamiento con la substancia en en- 
sayo y otra substancia de actividad conocida (v.g., isoniacida), usando 3 animales por 
dosis y dejando 3 sin tratar como testigos. Cuando las dlceras alcanzan en un grupo tratado 
la mitad del tamafio de las de los animales testigos, o al cabo de treinta dias, tomando el 
perfodo que sea mds breve, queda terminado el experimento. El resultado se expresa en 
valor RC, que forma la base para la valuacién de la actividad. Las substancias interesantes 
desde el punto de vista quimioterapéutico deben registrar RC5O, es decir 50 por ciento de 
curacién, en término de treinta dfas de tratamiento. La isoniacida, por ejemplo, registra 
un RCS5O en unos catorce dias a dosis de 2.5 a 15 mg. por kg. de peso, mientras que con la 
estreptomicina a dosis de 30 mg. por Kg. se aleanza el RC5O dentro de veintiséis dfas. 

Disctitense las ventajas de la técnica, sefialdndose que es sencilla en su ejecucién, y 
econdémica en el uso de animales, drogas y tiempo y que ofrece una medicién objetiva de la 
cicatrizacién de un proceso tuberculoso activo. 

Expénense también detalladamente otros puntos, tales como la seleccién del microbio 
y del animal y la correlacién entre la lesién ulcerosa y la tuberculosis constitucional. 


RESUME 


Une méthode de sélection rapide des agents antituberculeuz chez le cobaye 

Description d’une nouvelle technique permettant d’évaluer l’activité chimiothéra- 
peutique des composés antituberculeux. Le principe de la méthode repose sur la mesure de 
la capacité d’une substance donnée A déterminer la cicatrisation d’ulcérations tuberculeuses 
chez le cobaye. L’inoculation est pratiquée sous anesthésie légére A |’éther par injection 
intradermique, en quatre points du dos rasé, avec un inoculum renfermant approximative- 
ment 10° germes de Mycobactérium tuberculosis dans 0,05 ml. de solution saline. Trois a 
quatre semaines aprés |’inoculation, lorsque des ulcérations de 5 46 mm. se sont produites, 
le traitement est instauré avec la substance A expérimenter, ainsi qu’avec une substance 
d’activité connue (par exemple l’isoniazide), en utilisant trois animaux pour chaque dose, 
et trois animaux non-traités comme témoins. Au moment ot, dans un groupe traité la di- 
mension des ulcéres est réduite de moitié par rapport a celle des animaux-témoins, quelle 
que soit la période la plus courte, l’expérimentation est terminée. Le résultat est exprimé 
comme valeur HR, qui constitue la base de l’évaluation de l’activité. Les substances in- 
téressantes du point de vue chimiothérapeutiques correspondent 4 HR5O c’est-A-dire 4 
une cicatrisation de 50% en trente jours de traitement. L’isoniazide, par exemple, a une 
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valeur HR5O qui est atteinte en quatorze jours avec des doses variant entre 2,5 et 15 mg. 
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par kg. de poids du corps, tandis que pour la streptomycine & la dose de 30 mg. par kg. la 
valeur HR50 est atteinte en vingt-six jours. 

Les avantages de la technique ont été étudiés. Les auteurs déclarent que la technique 
du test est simple et économique en ce qui concerne les animaux, les médicaments et le 
temps, et qu’elle procure une mesure objective de la cicatrisation d’un processus tubercu- 
leux en activité. 

D’autres aspects, tels que le choix du germe et de |’animal et la corrélation entre la lé- 
sion ulcéreuse et la tuberculose, maladie générale, ont été présentés en détail. 
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INTRODUCTION 


The evaluation of antimicrobial agents in the experimental animal is an 


Important step in the search for new antituberculous agents. The animals most 


popularly used for this evaluation are guinea pigs and mice. In the mouse test, 


an overwhelming infection is usually given intravenously to large numbers of 


animals so that most of the controls survive only two to four weeks, the effect 


of the drug being assessed by the increase in survival time of the treated animals 


Ciuinea pigs are usually infected subcutaneously, and administration of the 


drug is begun either immediately or two to four weeks later when skin hyper 


sensitivity to tuberculin has appeared. Comparison of survival times of control 


and treated groups may be made, but such an experiment has to run for TaN 


months and the groups must be very large. More commonly, all surviving 


animals are killed after two to three months, and the extent of tubereulous 


disease in the untreated coutrols is compared with that in the treated groups 


Both of these methods suffer from certain disadvantages, namely: large 


numbers of animals must be used : the indiy idual variation among the animals 


in regard to susceptibility and rate at which disease is progressing in each animal 


cannot be evaluated before treatment is started: and the actual respotse ol the 


disease to the treatment cannot be ascertained during therapy but only after 


the death of the anima! 


In an attempt to ticrease our knowledge of the effect on the host of various 


types of experimental tuberculous infections and the manner in which the ad 


ministration of antituberculous agents may modify such infections, rabbits were 


selected as the experimental animals for the present series. Experiments were 


devised whereby the course of established acute miliary tuberculosis, caseous 


phetumonice, or chronic cay itary disease could be closely followed by serial chest 


roentgenograms before, during, and after treatment with various antituberculous 


agents. Only the observations concerning acute miliary tuberculosis will be 


considered in this report 


Crreenberg (2), in 1933, described a method for obtaining chest roentgenograms 


in rabbits, and others (3, 4 have demonstrated that the progress ol miliary 


From the Trudeau Laboratory of The Trudeau Foundation for the Clinieal and Ex 


perimental Study of Pulmonary Disease, Trudeau. New York 


This investigation was supported by research grants from the National Institutes of 
Health Publie Health Service 
Preliminary report: presented at Eleventh Annual Veterans Administration-Arms 


Navy Conference on the Chemother py ot Tuberculosis. St Louis, January 17 20, 1952 «1 


be 


4 
4 
4 


iH STEENKEN, WOLINSKY, BRISTOL, AND COSTIGAN 


pulmonary tuberculosis in rabbits can be visualized by roentgenography and 


the shadows correlated with the gross and microscopic pathology 


METHODS 


The roentgenograms' were taken with the rabbit in the upright position, the 
chest the cussette. 


The following physical factors were used: 


Four hundred milliamperes; one sixtieth of a second exposure; 45 inches distance; and 
1) to OO kilovolts, ce ye nding upon the weight of the animal The kilovoltage remained the 
same for both the frontal and lateral projections. Chest roentgenograms were obtained 
for each animal just prier to infection and at intervals of two to four weeks thereafter. A 
thirty four-ineh radiogr cone attached to the X-ray tube was employed in an eftlort 
to minimize radiation hazard The cone is constructed of one eighth inch seamless steel 
ind lined with sheet lead. It has an outside diameter of six inches. At its distal end there 
im te lescoping brass sleeve covered with le rubber whic h ean be exte nded to touch 
the animal. This special cone and the lead-backed cassette holder confine all radiation 
from the X-ray tube to the area of the animal being radiographed. In addition, it is reeom- 
mended that protective gowns ind leaded rubber gloves be worn by personne! retually 
involved in positioning the rabbit 

The rabbits were of mixed colors and sex, weighing between 6 und S pounds Infection 
was produced by the injeetion of a saline suspension containing O.OL mg. (dry weight) of 
bovine tuberele bacilli into the marginal ear vein. The virulent Ravenel strain was used 
in most instances but, since the Ravenel culture maintained in this laboratory is resistant 
to para-aminosalievlic acid (PAS) in vitro, the virulent bovine PAS-sensitive strain No 
{2284 was utilized to infeet the rabbits in experiments in which the therapeutic effect of 


PAS was being evaluated 


Treatment was not started until the chest roentgenogram revealed a wide 


spread miliary disease of the lungs except for the rabbits given PAS which were 


treated immediately after infection. Streptomycin, viomyem and isoniazid 
were administered in aqueous solution intramuscularly. Amithiozone and PAS 


were given by mouth in gelatin capsules 


RESULTS 


All untreated rabbits infeeted intravenously with these two highly virulent 
strains of bovine tubercle bacilli died of progressive miliary tuberculosis, as 
shown in table 1. Miliary pulmonary lesions were usually first noted in’ the 
roentgenogram two to three weeks after infection and then progressed rapidly 
until the death of the animal 

Figure 2 demonstrates the rapid and apparently complete clearing of the 
abnormal densities in the chest roentgenograms a rabbit treated with 
streptomyvern intramuscularly in dosage of 37.5 mg. twice daily for sixteen davs 
75 me. twiee daily for ninety davs, and 150 mg. once a day thereafter (the 
latter corresponding to approximately 37 mg. per kg. per day). [It may be seer 


that the film obtained two weeks after the start of treatment already demon 


The roentgenographic equipment was generously donated by the Lillia Babbitt Hwde 
Foundation, New York, New York 
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strated a slight improvement, and that the picture obtained after thirty-five 
days of treatment showed a marked clearing of the miliary lesions 

Figure 3 portrays the same results obtained with viomycin in dosage of 300 
mg. (85 mg. per kg.) per day, 150 mg. twice daily for LO06 days, and 300 mg 
onee a day thereafter. These examples are representative of 14 rabbits treated 
with streptomycin and viomycin 

Figure 4 consists of the chest roentgenograms of an animal treated with 150 
mg. of amithiozone twice daily by mouth ({4 mg. per kg. per day). There was 


Roentgenographie equipment and positioning of the rabbit 


TABLE 1 
op Unrreareo Raresirs INTRAVENOUSLY with Ma 


Dry Weicur) or tHe Bovine Srrains Ravenen anp 4228-4 


R ivene! 11 
122s 4 15 
*Qne rabbit lived for OS days. Excluding this animal, the extremes would be 14 to 52 


davs, and the aver ie 2S days 


no apprecial le clearing of the miliarv shadows after fortv-eight davs of treat 


ment, and the seventy-five day film revealed the development ofa large cavity 
in the right upper lobe. The rabbit died nine days later. Some antituberculous 
effect was evident in the prolongation of survival time but it was obviously not 
great enough to produce clearing ot this tvpe of disease. Two other rabbits 
similarly treated showed essentially the same response 

The beneficial results obtained hy the administration of isommazid, 15 mg. 
twice daily for twenty-two days and 25 mg. twice daily (the latter corresponding 
to lO meg per ky per dav) thereafter, are illustrated in figure 5. Definite clearing 
had occurred by the thirteenth day of treatment and continued progressively 


The other 2 rabbits in this group, however, did not show such a rapid response 
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(3). One showed a much slower rate of clearing of the abnormal shadows, and 
the other a response intermediate to these two. 

Figure 6 illustrates the ineffectiveness of PAS in this type of experimental 
tuberculosis. Although the drug was started immediately after infection, the 
disease steadily progressed and proved fatal in thirty-three days. The drug 
Was originally given intramuscularly or subeutaneously in the form of the sodium 
salt, 750 mg. twice a day, but this method of administration had to be abandoned 
after twelve days because of the resultant severe local tissue reactions. [t was 


then given orally, 370 mg. twice daily (approximately 190 mg. per kg. per day 


Fic. 6. Representative chest roeatgenograms of a rabbit treated with para aminosali 
evlie acid immediately after intravenous infeetion with virulent bovine tuberele bacilli, 
strain 42284. Left: Preinfeetion roentgenogram; no abnormal shadows. Right: Twenty 


eight davs after infeetion and treatment; far advanced disease 


DISCUSSION 


The decision when to begin treatment in these experiments was easily deter 


mined for each animal by following the serial chest roentgenograms. Thus, 


despite the natural individual variation in the rate of development of pulmonary 


lesions, a more uniform stage of disease was present in each rabbit at the time 
therapy was started. It was also possible to ascertain the effect of various drugs 
on pulmonary tuberculous lesions while the animals were undergoing treatment. 

This method may be used to furnish a preliminary rapid evaluation of new 
antituberculous agents. Any drug which causes a definite clearing of previously 
established advanced miliary lesions in a group of 5 or more rabbits within a 
per.od of three to six weeks may he considered to be an effective drug in the ex- 
perimental animal, A study of the results produced by a new agent in rabbits 
with this type of disease, to complement knowledge of the drug's behavior in 
experimentally infeeted guinea pigs and mice, should be a valuable aid in estt- 
mating the over-all antituberculous effect. 
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It should be emphasized that the cultures of bovine tubercle bacilli used to 
infect the rabbits were highly virulent in the described dosage and produced a 
uniformly and rapidly fatal miliary disease. The virulence was checked by 
animal inoculation at frequent intervals. No rabbit with widespread miliary 
lesions demonstrable in the chest roentgenogram has ever survived without 
treatment. 

The method described in the present study may also readily be adapted to 
investigate the chronic caseous and cavitary lesions characteristic of the human 
type of disease. Such lesions have been produced in the lungs of rabbits by the 
inhalation of virulent bovine tubercle bacilli and, after confirmation of their 
progressive nature by visualization in serial chest roentgenograms, various 
antituberculous agents, alone and in combination, were administered to the 
rabbits (6). It is hoped that the information gained from such experiments will 
be useful in pointing out better methods for treatment of similar chronic lesions 
in human beings. 

It is not the purpose of the present communication to make quantitative 
comparisons of the results obtained with different drugs, but merely to point out 
that effective agents may be clearly differentiated from ineffective ones in a 
relatively short period of time by following the serial roentgenograms of the 
lungs. Much more extensive work, including more animals, observation after 
treatment is discontinued, results of re-treatment of relapses, and detailed 
bacteriologic and pathologic studies, must be carried out before such quantitative 
comparisons can be made. These will be the subjects of future publications from 
this laboratory. 

SUMMARY 


An experimental method has been described whereby rabbits may be infected 
with highly virulent bovine tubercle bacilli and the disease so produced followed 
by serial chest roentgenograms. 

The effect of various antituberculous agents on such disease, as visualized in 
the serial roentgenograms, has been illustrated. 

The adaptability of this method for the rapid and accurate evaluation of new 
drugs, as well as for the study of the effect of chemotherapeutic agents on the 
caseous and cavitary chronic lesions characteristic of the human type of disease, 
has been indicated. 

SUMARIO 
El Uso del Conejo en la Tuberculosis Experimental: I. Método Visual para Valorar los Agentes 
Antituberculosos con Radiografias Seriadas del Téraz 

Con el método experimental descrito se infecta a los conejos con bacilos tuberculosos 
bovinos muy virulentos y se observa la enfermedad producida en esa forma por medio de 
radiografias seriadas del térax. 

Queda demostrado de este modo el efecto de varios medicamentos antituberculosos sobre 
la enfermedad producida, segdn se visualiza en las radiograf{as en serie. 

Se indica la adaptabilidad de este método para la valuacién r4pida y exacta de nuevas 
drogas, asi como para el estudio del efecto de los agentes quimioterapéuticos sobre las le- 
siones crénicas caseosas y cavitarias que son t{picas de la forma humana de la dolencia. 
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Utilisation du lapin dans la tuberculose expérimentale: 1. Une méthode visuelle 
d’evaluation des agents anti-tuberculeur par la radiographie 
pulmonaire en série 


Les auteurs décrivent une méthode expérimentale permettant |’inoculation du lapin avec 
des bacilles tuberculeux bovins, trés virulents, ainsi que |’observation par des radiographies 
en série du poumon de la maladie ainsi provoquée. 

L’action de divers agents anti-tuberculeux sur |l’affection est illustrée par les radio- 
graphies en série. Les auteurs attirent l’attention sur la possibilité d’adapter cette méthode 
l’évaluation rapide et précise de nouveaux médicaments, de méme |’étude de l’action 
des agents chimiothérapeutiques sur les lésions chroniques caséeuses et cavitaires, carac 
téristiques de la tuberculose humaine. 
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EFFECTIVE THERAPEUTIC DOSE OF ISONIAZID FOR EXPERIMENTAL 
TUBERCULOSIS OF GUINEA PIGS' 


ALFRED G. KARLSON anp WILLIAM H. FELDMAN 
(Received for publication February 19, 1953) 


INTRODUCTION 


In a previous account, a study was described (1) in which it was found that 
for tuberculous guinea pigs which weighed approximately 600 gm. each when the 
use of isoniazid was started, great therapeutic effect was achieved by the adminis- 
tration of the drug in single daily oral doses as follows: 10 mg. for three days, 15 
mg. for three days, 25 mg. for eight days and, finally, 15 mg. for forty-nine days, 
for a total of sixty-three days of treatment.’ The results suggested that the op- 
timal therapeutic dose of isoniazid for tuberculosis in guinea pigs was probably 
less than 15 mg. per day for a period of approximately sixty days. 

The present report presents the results of several experiments which revealed 
that a single daily dose of 1 mg. (approximately 1.2 mg. per kg. of body weight) 
was as effective as larger amounts when given for approximately sixty days and 
that partial inhibition of the disease was accomplished by the administration of 
0.5 mg. or 0.25 mg. daily. 


OBSERVATIONS 


Experiment 1 


Each of 70 mature male guinea pigs, weighing approximately 800 gm., was inoculated sul) - 
cutaneously over the sternum with0.1 mg. of virulent tubercle bacilli, strain H37Rv. On the 
twentieth day of infection, 6 animals were killed and were found to have grossly visible 
lesions of tuberculosis at the usual sites of predilection. On this same day, the remaining 
animals were divided into eight groups of 8 animals each. One group served as untreated 
controls while those in five groups were started on daily treatment with isoniazid as follows: 
15 mg., 10 mg., 5 mg., 2.5 mg., and 1.0 mg., respectively. Those in the remaining two groups 
were treated on Monday, Wednesday, and Friday of each week with 15 mg. and 10 mg., 
respectively. The drug was given by gastric tube in 1 ml. of aqueous solution. Treatment 
was continued for sixty-three days, at which time all animals were killed. 


It was surprising to find that the animals treated with 1 mg. daily had as little 
gross evidence of tuberculosis in the lungs, liver, and spleen as did those given 
the larger doses. Histopathologic study confirmed the observations made at 
necropsy. Three of 8 animals given 15 mg. daily had microscopically visible foci 
of infection in one or both axillary lymph nodes. These were present in 7 of the 
8 animals treated with 1 mg. and in 5 or 6 of each of the other groups. An index 
of infection was determined which was based on the histologic character of the 


' From the Mayo Foundation, Rochester, Minnesota. 

? The animals failed to gain weight while being treated with 25 mg. The daily dose was, 
therefore, reduced to 15 mg. Taking into account the gains in weight, the dose of 15 mg 
corresponded to approximately 20 mg. per kg. of body weight. 
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lesions in each animal (2). The avevage index of infection for each group in this 
first study is presented graphically in figure 1. Cultures made from portions of 
spleens of all animals exhibited no growth of tubercle bacilli during ninety days 
of incubation, except in the untre ed controls and in 2 animals given 15 mg. of 
isoniazid on Monday, Wednesday, and Friday. The tubercle bacilli obtained in 


Controls 
0.10 mg. 


infection 
025 mg. 


dex of 


Experiment 1 Experiment 2 


Fig. 1. Average index of infection in guinea pigs based on histopathologic character- 
istics. The index for each animal was determined by assignment of values of 10 to 35 for 
organs with actively progressing tuberculous lesions, depending on the extent of involve- 
ment. Values of 1 to 3 were given for healed lesions with fibrosis or calcification and no 
necrosis. The amounts of isoniazid indicated were given once daily except for those groups 
marked with an asterisk, in which treatment was given on Monday, Wednesday, and Friday 
of each week. In experiment 1, treatment was started on the twentieth day of infection and 
was continued for sixty-three days. In experiment 2, treatment was started on the twenty- 
third day of infection and was continued for sixty days. A comparison of the indices in each 
group indicates that daily administration of 1.0 mg. of isoniazid resulted in therapeutic 
effects comparable to those achieved by larger doses. 


these cultures subsequently were found to be susceptible to 0.04y of isoniazid per 
ml. of egg-yolk agar. 


Experiment 2 


As a result of the first experiment, a second study was done in which smaller doses of 
isoniazid were used, as shown in figure 2. Each of 39 mature male guinea pigs, weighing 
approximately 750 gm., was inoculated over the sternum with 0.1 mg. of the same strain of 
tubercle bacilli (H37Rv) used in the first experiment. On the twenty-third day of infection, 
the animals were divided into five groups, one of which served as untreated controls (figure 2). 
The animals in the remaining four groups were each treated with isoniazid once daily as 
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follows: 1.0 mg., 0.5 mg., 0.25 mg., and 0.1 mg., respectively. The drug was given by gastric 
tube in 1 ml. of aqueous solution. After sixty days of treatment, all animals were killed 
and a record was made of the lesions seen at necropsy. Portions of lungs, liver, spleen, site 


Fig. 2. Extent of tuberculosis in guinea pigs at necropsy after sixty days of treatment 
with isoniazid started on the twenty-third day of infection (experiment 2). The rectangle 
and oval represent liver and spleen, respectively. The dot or circle in the arrow indicates 
an abscess or ulcer at the site of inoculation. Miliary and nodular lesions are represented by 
dots. Diffuse tuberculous involvement is indicated by complete blackening. The numerals 
indicate the number of days of infection. 


of inoculation, and axillary lymph nodes were preserved for histopathologic study. Por 
tions of spleen were selected for cultures. 


In figure 2 it may be seen that, in contrast to the extensive tuberculous disease 
in the untreated animals, those animals given | mg. of isoniazid once daily (Group 
2) had little evidence of disease. Only one animal had a visible lesion remaining 
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at the site of infection, although in 5 guinea pigs some evidence was present of 
residual involvement of one or both axillary lymph nodes. The small miliary 
lesions noted in the liver and in the spleen of the first and seventh animals, re- 
spectively, in Group 2 were found subsequently by microscopic examination to 
be regressing tuberculous foci. No histologic evidence of progressing tuberculous 
lesions was found in the lungs, liver, or spleen of any of the animals which re- 
ceived | mg. of the drug daily. Circumscribed but active tuberculous foci were 
present microscopically in one or both axillary lymph nodes in 6 of the 8 animals 
in this group. 

As noted in figure 2, the animals which received 0.5 mg. (Group 3) and 0.25 mg. 
(Group 4), respectively, of isoniazid were found to have grossly less visible disease 
than the untreated animals. The results obtained by the administration of 0.1 
mg. of the drug daily (Group 5) were not significantly different from those ob- 
served in the controls (Group 1). Three of the animals given 0.5 mg. and 2 given 
0.25 mg. of isoniazid had no microscopically evident foci of active tuberculous 
lesions in the lungs, liver, or spleen. Lesions comparable in character to those of 
the untreated animals were present in the organs of all but one of the animals 
given 0.1 mg. of isoniazid. An index of infection for each of the groups in the 
second experiment is presented in figure 1, which indicates that the results of the 
two studies are comparable with respect to treatment with 1 mg. of isoniazid. 

Cultures from spleens of 3 animals given 1.0 mg. showed the presence of M yco- 
bacterium tuberculosis. Results of cultures from all other animals in this second 
study were positive for tubercle bacilli. All strains were found to be susceptible 
to 0.047 of isoniazid per ml. of egg-yolk agar. 


COMMENT 


The principal objective of these studies was to find the subeffective dose of 
isoniazid for subsequent studies on the effect of other antituberculous drugs in 
combination with isoniazid. As previously emphasized (3), in any study of the 
effect of two or more chemotherapeutic agents in experimental infections, it is 
necessary that the dose of each drug be small enough so that one of the drugs 
alone will not be responsible for the maximal therapeutic effect. The results of 
the work described here indicate that, for studies of other drugs used in combina- 
tion with isoniazid, a single daily dose of 1 mg. or more of isoniazid for sixty days 
may be too large. Doses of 0.25 mg. or 0.5 mg. produced only a partial thera- 
peutic effect and may be used as the subeffective dose in combination with other 
drugs for treatment which lasts sixty days. 

Of particular interest were the results obtained by the use of 10 or 15 mg. of 
isoniazid administered on Monday, Wednesday, and Friday of each week. These 
regimens appeared to be as effective as daily treatment with the same amounts 
of the drug. Further studies should be made of interrupted therapy with smaller 
doses of isoniazid to learn whether this schedule is as effective as daily treatment.’ 


* Preliminary observations in an experiment still in progress indicate that the adminis- 
tration of 1.0 mg. of isoniazid on Monday, Wednesday, and Friday of each week for nine 
weeks produced results comparable to those reported in this paper for the daily adminis- 
tration of 0.25 mg. of isoniazid. 
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SUMMARY 


Seventy guinea pigs were infected with tubercle bacilli (H37Rv). Twenty days 
later, 6 were killed and found to have lesions of tuberculosis. The remaining 64 
animals were equally divided into eight groups, namely, one group of untreated 
controls; five groups in which the animals were each given isoniazid once daily in 
doses of 15.0 mg., 10.0 mg., 5.0 mg., 2.5 mg., and 1.0 mg., respectively; and two 
groups treated on Monday, Wednesday, and Friday of each week with isoniazid 
in doses of 15 mg. and 10 mg., respectively. All animals were killed sixty-three 
days after the start of treatment. In contrast to the extensive lesions observed 
in the untreated animals, none of the treated animals in any group had visible 
lesions in the lungs, liver, or spleen. Histopathologic studies revealed regression 
and healing of the lesions in the internal organs which were as pronounced in the 
animals given 1 mg. as in those treated with larger amounts of isoniazid. Micro- 
scopic residual foci of infection were present in the axillary lymph nodes of some 
animals in all groups but fewer were seen in the animals which received 15 mg. of 
the drug daily. 

In a second experiment, 39 guinea pigs were infected with the same strain of 
tubercle bacilli. Twenty-three days later they were divided into five groups, 
consisting of one group of untreated controls (8 animals) and four groups in which 
treatment with isoniazid was started once daily as follows: 1.0 mg. (8 animals), 
0.5 mg. (7 animals), 0.25 mg. (8 animals), and 0.1 mg. (8 animals). After sixty 
days of treatment, all animals were killed. Necropsy and histologic examinations 
revealed no gross or microscopic evidence of progressive tuberculous lesions in 
the lungs, liver, or spleen in the animals which received 1 mg. of isoniazid daily. 
Small but definitely active lesions in internal organs were seen in 4 of the 7 ani- 
mals treated with 0.5 mg. of the drug. All but 2 animals treated with 0.25 mg. 
had active but limited lesions demonstrable either grossly or microscopically. 
Those treated with 0.1 mg. had disease whose extent was comparable micro- 
scopically to that seen in the untreated controls. 

Any beneficial effect of other antituberculous drugs administered in combina- 
tion with doses of 1.0 mg. or more of isoniazid may be difficult to assess because 
this amount of isoniazid produces extensive regression and healing of the lesions. 
For guinea pigs weighing approximately 800 gm., a daily single dose of isoniazid 
of 0.25 mg. or 0.5 mg. is only partially effective and may be used as the subeffec- 
tive dose in tests of the value of other drugs in combination with isoniazid. 


SUMARIO 


La Dosis Terapéutica Eficaz de Isoniazid (Isoniacida) para la Tuberculosis Experimental 
del Cobayo 


Setenta cobayos fueron infectados con bacilos tuberculosos (H37Rv). Veinte dias 
después, se maté a 6, descubriéndose en ellos lesiones tulerculosas. Los 64 animales res- 
tantes fueron divididos en ocho grupos iguales, a saber: un grupo de testigos no tratados; 
cinco grupos, en que cada uno de los animales recibié isoniacida una vez diaria a dosis de 
15.0 mg., 10.0 mg., 5.0 mg., 2.5 mg. y 1.0 mg., respectivamente; y dos grupos que fueron 
tratados los lunes, miércoles y viernes de cada semana con isoniacida a dosis de 15 mg. y 
10 mg., respectivamente. Todos los animales fueron sacrificados a los sesenta y tres dias 
de la iniciacién del tratamiento. En contraposicién a las extensas lesiones observadas en 
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los animales no tratados, ninguno de los tratados en ningdn grupo mostré lesiones visibles 
en los pulmones, el higado o el bazo. Los estudios histopatolégicos revelaron regresién y 
cicatrizacién de las lesiones viscerales que eran tan notables en los animales que recibieron 
1 mg. como en los tratados con dosis mayores de isoniacida. Existian focos microseépicos 
de infeccién residual en los ganglios linfdticos axilares de algunos animales en todos los 
grupos, pero en menor ndmero en los que habfan recibido 15 mg. diarios de la droga. 

En el segundo experimento, 39 cobayos fueron infectados con la misma cepa del bacilo 
tuberculoso.Veintitrés dias después se les dividié en cinco grupos, comprendiendo un 
grupo de testigos no tratados (8 animales) y cuatro grupos en los que se inicié en el acto el 
tratamiento con isoniacida una vez diaria en la forma siguiente: 1 mg. (8 animales), 0.5 
mg. (7 animales), 0.25 mg. (8 animales) y 0.1 mg. (8 animales). Al cabo de sesenta dias de 
terapéutica, se sacrificé a todos los animales. Los ex4menes autépsicos e histolégicos no 
revelaron signos macro o microseépicos de lesiones tuberculosas progresivas en los pulmones, 
higado o bazo de los animales que recibieron 1 mg. diario de isoniacida. 

En 4 de los 7 animales tratados con 0.5 mg. de la droga, observ4ronse en las visceras 
lesiones pequefias, pero indudablemente activas. Con excepcién de 2, todos los tratados 
con 0.25 mg. tenfan lesiones activas, pero limitadas, observables ya macro o microscépica- 
mente. Los tratados con 0.1 mg. tenian enfermedad, cuya difusién era comparable microseé- 
picamente a la observada en los testigos no tratados. 

Quizds sea dificil justipreciar cualquier efecto beneficioso que puedan ejercer otras 
drogas antituberculéticas administradas junto con dosis de 1.0 mg. o mas de isoniacida, 
dado que estas cantidades de la dltima producen extensas regresién y cicatrizacién de las 
lesiones. Para los cobayos que pesan unos 800 gm., una sola dosis diaria de 0.25 6 0.5 mg. 
no es mds que parcialmente eficaz, de modo que puede usarse como dosis subeficaz en los 
ensayos del valor de otras drogas en combinacién con la isoniacida. 


RESUME 


Dose thérapeutique efficace de l’isoniazide dans la tuberculose expérimentale du cobaye 


Soixante-dix cobayes ont été inoculés avec du bacille tuberculeux (H37Rv). Vingt jours 
plus tard, 6 ont été tués; ils étaient porteurs de lésions tuberculeuses. Les autres 64 animaux 
ont été divisée en huit groupes égaux: un groupe de témoins non traités; cing groupes dans 
lesquels chaque animal recevait |’isoniazide une fois par jour a la dose de 15 mg., 10 mg., 
5 mg., 215 mg., et 1 mg., respectivement; deux groupes qui étaient traités les lundis, mer- 
credis et vendredis de chaque semaine avec des doses de 15 mg., et 10 mg., respectivement. 
Tous les animaux étaient sacrifiés soixante-trois jours aprés le début du traitement. Par 
contraste avec les lésions extensives observées chez les animaux non traités, il n’y avait, 
dans aucun des groupes, un animal traité chez lequel des lésions apparentes des poumons, 
du foie, ou de la rate eussent été observées. Les études histo-pathologiques ont révélé la 
régression et la cicatrisation des lésions dans les organes internes: ces manifestations 
étaient aussi prononcées chez les animaux ayant regu 1 mg. d’isoniazide que chez ceux 
ayant été traités avec des doses plus élevées du médicament. Dans tous les groupes, des 
foyers microscopiques résiduels de l’infection étaient présents dans les ganglions lympha- 
tiques axillaires chez certains animaux mais ils étaient moins nombreux chez ceux qui 
avaient recu 15 mg. d’isoniazide par jour. 

Dans le deuxiéme expérimentation, 39 cobayes ont été inoculés avec la méme souche de 
bacilles tuberculeux. Vingt-trois jours plus tard, ils ont été répartis en cing groupes con- 
sistant en un groupe d’animaux-témoins (8 cobayes) et quatre groupes dans lesquels le 
traitement par |’isoniazide débutait par une dose quotidienne de 1 mg. (8 cobayes), 0,5 
mg. (7 cobayes), 0,25 mg. (8 cobayes), 0,1 mg. (8 cobayes). Au bout de soixante jours de 
traitement, tous les animaux ont été sacrifiés. L’examen histologique et l’autopsie n’ont 
révélé aucunes lésions macro ou microscopiques indiquant une tuberculose en évolution au 
niveau du poumon, du foie ou de la rate chez les animaux recevant 1 mg. d’isoniazide par 
jour. 
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Des lésions réduites. mais nettement actives. ont été observées dans les orgnnes mternes 
de 4 animauy sur les 7 avant 616 traités avee 0.5 mg. d’isoniazide. Tous, sauf 2 des animaux 
traités avee 0.25 mg. présentatrent des lésions macro ou microscopiques limitées mats 


retives. Chez les cobayves recevant mg. Vétendue de Vaffeetion, du port de vue histo 


logique, était comparable a celle observée chez tes témoins non traites 


Il peut étre diffieile d’évaluer Veffet favorable des autres médieaments anti tuberculeux 


cdminist re en association avee les de es disomazide de 1 nig ou plus parce «pune cette 

quantité disontazicde determine une importante regression et ln creatrisation de ces lésrons 

Pour les cobnaves pesant enviren SOO grammes, une dose quotidse de 0.25 me. ou 

O.5 mg. disoniazide n'est qu partiellement eflence et peut étre utilisee comme repre 


une close sub iluation des sutres 


ministrés en association avee Pisoniazide 
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INTRODUCTION 


Fluorescence microscopy as a diagnostic aid in tuberculosis has vet to receive 
universal support. For example, Lind (1) reports that only two of twenty-four 
state laboratories in the United States which tested the method consider it 
superior to the conventional Ziehl-Neelsen technique. Like all newer techniques 
requires earetul appraisal hefore it can replace well-tried, older methods. 
Interest in this method has increased since Matthaer of this | niversity. (2 
successfully adapted routine optical equipment and lighting to overcome eco 
nomic and technical obstacles to its use. Five vears of satisfactory application to 
routine dlingtosts in the Publie Health Laboratory of Vietoria has firmly estab 
lished the material advantages of the method over direct light MILCTOSCOPS and 
ZAiehl-Neelsen stuiming (3. 4 In contrast to Lind’s conelusion that fatigue is 
one of the important factors, the present writer is convinced that, provided 
critical illumination is obtained, fatigue is far less than that experienced with 
Zichl-Neelsen examinations 

More recently the interest of Melbourne pathologists has been aroused in the 
possible application of fluorescence TIC TOSCOpPS to the study of tuberculous tissues 
but reports to date are somewhat conflicting (personal communications). [In 
TIssties showing characteristic tuberculous pathology it has not been unusual to 
fail to deteet tubercle bacilli at all, or to see only vhost forms of little or no 
diagnostic signifiennes 


In experiments involving the detection of small numbers of tuberele bacilli 


in dispersed cultures and in tuberculous exudates by the intranasal imoculation 


of mice (5), it became necessary to confirm the tuberculous origin of lung tuber 
cles. The apparent incidence of sampling errors in direct smears of the cut lung 
surface suggested the advisability of examining sections. Early successes with 
fluorescence microscopy, followed by variable results and failures, led the writer 
to determine the optimal conditions for use of the method. For, when properly 
carried out. the fluorescence microscopy method possesses obvious advantages 
over Ziehl-Neelsen staining performed in parallel with it. The successful applica 
tion of the method to tuberculosis led to a study of other acid-fast pathogens 


also with satisfactory results 


MATERIALS AND METILODS 


VWicroscopy 
The apparatus emploved was that deseribed by Matthaei (2). No special equipment ts 


necessary. An ordinary monocular microscope is adapted very simply by inserting a cirele 
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of GAS Kodak Wratte n gelatin filter above the lower lens of the eveprece xjior &7 pre 


ferred). The ordinary 16mm. and 4mm objectives are satisfactory, a coverslip being neces 


sary for the latter and an Abbe two-lens condenser is used, with the iris diaphragm wide 


open A fairly strong light source is necessary , « projyection lump with condensed filament 


of the order of 100 to 250 watts The image ol the filament is projects dinto the mu roscope 


condenser by a light condensing svstem, which in its simplest form may be a water-filled 


Florence tlask. The correct wave-length band is seleeted by inse rting between light source 


and mirror a G-ounee white glass screw-<« ipped flat medicine bottle filled with the following 


mixture 


Cus0),-5ELO S33 gm 


Concentrated ammonia (Sp. gr. 100 ml 


Distilled water 240 ml 


The amount of water added is a matter of individual preference The above amount iy) 


proaches the maximum, beyond which the background becomes colored 


It is Important to mate that critical itlumination is essential to the success of this tech 


nique, especially if the use of a binocular microscope is contemplated, although this is not 


recommended until the operator is thoroughly « yperienced in the method. A satisfactory 


empirical means of sachie Ving criti il thhumination is as follows 


i Arrange the lamp Sto lOinches from the mie roscope so that the cone of light 


falls centrally on the prlcanne surface of the mirror: insert the blue filter bottle and 


igain center the light 


4) Place a large drop aot liquuid prar iffin on the Upper lens of the condenser and 


mount a stamed slide on the stage, raising the condenser up touts full height 


3) Focus the preparation with the low-power objective; center the light by nuinip 


ulating the mirror, then lower the condenser ipproximately one sixth of a turn 


until the maximal tlumination ts obtained. When the light is finally centered ip 


proximately two-thirds of the field will be brightly Hluminated, with a peripheral 


dark zone. The high-power field will now be brightly and completely Uluminated 


although minor adjustments of mirror or condenser mav still be indieated 


Ideally it is advisable to house the microscope in i black eabinet screened trom outsice 


light sources by curtains of black cloth and to prevent stray light from the lump reaching 


the eves by suspending a black cloth in front of the microscope, reaching down to a pout 


just above the mirror. The only light rays reaching the eve then are those passing up the 


draw tubs 


Staining 
Zichl 


WHA ¢ mplo ed, deeolorizing witl icid-aleohol for 5 te 15 or 25 reent for 


Veelsen method: Except where the contrary is stated in the text, the usual technique 


20 to SO minutes 


luramine rhodamine stains This stain is used as pre pared for routine diagnostic work 


(2, 4) aceording to the following formula and is usually made up freshly each month, al 


though one s imple ke pt lor ¢ ivhit months has shown no dete riorntion 


Auramine OLS. (EC gin 

Glveerol (Merek 150 mil. 

Phenol ervstals (liquefied at 50°C 20 mil 

Distilled water 100 ml 
pil 2.0-2.8 


Shake before use 


per cent hyvdrocholorie acid in 70 per cent aqueous ethanol (VON 


OBSERVATIONS 


The ideal result was considered to be one in which aggregations of bright 


reddish-gold rods stood out strikingly from a soft. green. somi-translucent matrix 
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of tissue against a black background. Mouse lung tubercles as well as lesions ot 
leprosy rat leprosy Bairnsdale disease, and paratuberculosis of cattle and 
sheep were literally packed with organisms (figures 3, 4, and % IS). Well-estab 
lished lesions of tuberculosis in man and guinea pigs, on the contrary, usually 


contained relatively few bacilli (figures 1, 2, 7, and 8). During the initial stages 


of the investigation, however, various gradations in the staining properties of 


the organisms in serial sections subjected to what appeared to be the same 


Fras. | and 2. Serial sections of human intestine showing tuberculous uleer. Lach figure 
represents the highest visible concentration of bach Top \uramine stain (4 mm. objee 


tive). (Bottom) Ziehl Neelsen stain (4 mm, objective 


staining procedure were disturbing. Accordingly, each of the steps involved was 
varied separately against the standard procedure proved to be sueccesstul for 
sputum examination (3), 

Auramine rhodamine stain heated to 70°C 10 minutes 
Rinse in water 


Acid -aleohol, two changes during 5 minutes 
Wash, drv at 56°C... and examine 


The findings are discussed in chronological order 
Fixation of tissues: Fielding (6) states that in formol-fixed tissue sections 
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Figure 14 
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acid-fast bacilli often stain very poorly with Ziehl-Neelsen. He attributes this 
to the development of an acid reaction following autolysis of the tissues and 
recommends fixing in a weakly alkaline solution of formalin or staining with 
alkaline fuchsin. Maassen and Heyse (7) similarly recommend the use of borate 
of fuchsin to neutralize acidity in the staining of sputum. To determine the 
importance of these observations in relation to the affinity of acid-fast bacilli 
for fluorescent dyes, mouse lungs showing a similar degree of pathologic involve- 
ment were fixed respectively in 10 per cent formalin, 10 per cent neutral formalin, 
alcohol, or Bouin’s solution. 

The pH of the auramine-rhodamine stain as made up is approximately 2.7. 
When phenol was omitted, the pH was only slightly higher, viz., 3.0. The addi- 
tion of 8 ml. of 0.25 per cent NaHCO, will raise the pH of the latter to approxi- 
mately 8.0. No improvement in the intensity or retention of stain was observed 
when the alkalinity of the section or of the stain was increased; nor was any out- 
standing difference attributable to the use of different fixatives. Therefore, all 
subsequent studies were made on tissues fixed in 10 per cent formalin, without 
subsequent neutralization, stained with the original mixture at pH 2.7. 

Time-temperature factors in staining: Variations in the time of action and in 
the initial or maintained temperature of the stain between 40° and 110°C. 
showed that reduction of the time below eight to ten minutes or of the tempera- 
ture below 75°C. tended to diminish efficiency. Most satisfactory results were 
obtained with a hot plate at 75° to 100°C. (or with two or three steamings with 
a flaming swab) for a ten-minute period. Unlike sputum, sections to which stain 
was applied at 70°C., with no further heating, tended to be understained. It 
was found that excessive heating (110°C.) was contraindicated. 

Washing: When running water from the tap was allowed to come in contact 
with the section, the tissues tended to shed microscopic fragments from tubercles, 
often bearing with them a number of bacilli; and, in one section from a lightly 
affected lung, all the detectable bacilli disappeared from the one small tubercle 
present in the section. To minimize this risk, passive washing in a gently flowing 
water bath was found to be advisable. 

Selection of decolorizing agent for fluorescence microscopy and Zichl-Neelsen 
techniques: Reference to standard textbooks reveals a variety of opinions con- 
cerning the optimal method of decolorizing tissue sections in the Ziehl-Neelsen 
technique. Sulfuric acid alone in strengths varying from 5 to 25 per cent appears 
to be most favored. Transitory treatment with 5 per cent H.SO, followed by 60 
per cent ethanol is advocated by some. Others recommend acid aleohol, 1 to 3 
per cent acid in 70 to 95 per cent ethanol. In general, the suggested period of 
decolorization is to “the faint pink stage”, which, of course, varies with different 
tissues and with the concentration of acid-fast bacilli present. 

The results of a series of experiments designed to determine the influence 
respectively of 25 per cent H,SO, and 1 per cent acid in 70 per cent ethanol on 
the retention of auramine and carbolfuchsin by pathogenic Mycobacteria appear 
in table 1. 
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As may be seen in the table, the results indicate that, with carbolfuchsin 
staining. 25 per cent H2SO, was less likely to produce partial or complete de- 
colorization of acid-fast organisms of any species than 1 per cent acid-alcohol 
when either agent was applied until the section was pale pink. The difference 
between these two agents was less marked with Mycobacterium tuberculosis, 
provided the exposure to acid-aleohol did not exceed ten minutes; but with 
other species of Mycobacteria, acid-alcohol was undesirable. 


TABLE 1 
ComPARISON OF DecoLorizING AGENTs FOR FLUORESCENCE MICROSCOPY AND 
TECHNIQUES 


Human bowel; mouse 
lung (tuberculosis) 


Human skin; liver 
biopsy (leprosy) 


Murine lymph gland 
(rat leprosy) 


Human skin (Bairns- 


dale disease) 


Acid-alcohol 


Acid-aleohol 
Acid-aleohol 


Acid-alcohol 
Acid-aleohol 
HO. 


20 +++++ 


10 + 
2% ++++ 
5 +++ 

20 ++4++ 


Staining Quality 


Good 


Good 


Very fair 
Indifferent (beaded) 
Good 


Fair 
Good 


Poor (ghost forms) 
Good 

— (complete stripping) 
Good 


Poor (ghost forms) 
Good 


Very fair 
Good 


Poor 
Good 


Acid-alcohol 10 + 
HBO. 28 ++ 
Acid-aleohol 5 +++ Fair 
Hs80,4 ++++ Good 


Bovine bowel (Johne's M. johnei (para-tuber- 
disease) culosia) 

Poor (ghost forms) 

Good 


Acid-aleohol 10 + 
HBO. 25 ++ 


C-F 


* A-R = Auramine-rhodamine ( ting = heat dehydration — paraffin) 
Carbolfuchsin (mounting = alcohol xylol -+ balsam) 


With auramine-rhodamine staining, acid-alcohol could be used safely for three 
or four minutes to decolorize sections containing M. tuberculosis. Even after 
forty-five minutes, the bulk of the organisms were still detectable. It was not 
considered a particularly safe decolorizing agent for the other acid-fast species, 
however, for, although the results obtained were frequently quite good, there 
was a tendency for a fairly rapid stripping of stained bacterial cells in some cases. 
For example, M. lepraemurium was completely decolorized in two to three 
minutes; while M. leprae, though less sensitive to stripping, would show com- 
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| | RESULT 
| 
a TISSUE ORGANISM STAIN AGENT uin- | Number 
M. tuberculoss A-R° | 5 | +++ | 
| +++ | 
C-Ft Aecid-aleohol 5 ++ 
6 
25 
++++ 
CF 10 + 
25 +++ 
Cr 
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plete decolorization of up to 75 per cent of cells and loss of all rhodamine and 
some auramine from the rest after five minutes. VM. johnei and M. ulcerans showed 
rather less susceptibility. 
In general, it may be said that species other than M. tuberculosis withstood 
up to twenty-five to thirty minutes in 25 per cent H,SO, better than five minutes 


TABLE 2 


SeLecTION oF DecoLoriziING AGENT FOR FLUORESCENCE MicroscoPry ANv ZIEHL- 
NEELSEN TECHNIQUES 


ORGANISM LOCATION STAIN FIRST CHOICE SECOND CHOICE 


M. tuberculosis Sputum Acid-alcohol 4 
Gastric contents} | minutes 
Urine | C- Acid-alcohol 4 
Culture minutes 


Tissue sections - Acid-alcohol 4 H,S80, 20 to 30 min- 
minutes utes 
H,S0, 20 to 30 Acid-alcohol 5 to 10 
minutes minutes 
Sections A- H,S0, 20 to 30 Acid-aleohol 3 min- 
minutes utes 
H,S0, 20 to 30 
minutes 
M. lepraemurium | Sections A- H,SO, 20 to 30 - 
minutes 
H,SO, 20 to 30 
minutes 


M. ulcerans Sections A- Acid-aleohol 2 to3 | H,SO, 20 to 30 min- 
minutes utes 
H,SO, 20 to 30 min- 
utes 


Sections | A- H,SO, 20 to 30 Acid-alcohol 2 to3 
minutes minutes 
H,S0, 20 to 30 — 
| minutes 


* A-R = Auramine-rhodamine stain. 
t C-F = Carbolfuchsin. The times laid down are the mean minima required in these 
experiments to decolorize the tissue sufficiently to give a clear-cut picture. 


in acid-aleohol. Against this must be considered the loss of time and difficulty 
sometimes encountered in removing all the dye from the tissues. The practical 
conclusions from these observations are summarized in table 2. It must be 
emphasized that acid-alcohol was found to be the decolorizing agent of choice 
for all tuberculous exudates which contained saprophytic, non-alcohol-fast species 
viz., sputum, gastric washings, or urine. It should be noted, however, that 
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morphologic findings in the latter two specimens are of dubious significance in 
any case. 

Dehydration and mounting: The most serious causes of the variable results 
mentioned above were found to be involved in the two steps of dehydration and 
mounting of the preparation. 

The optimal result was obtained when chemical dehydration and clearing 
preparatory to mounting were replaced by the unconventional but effective use of 
heat to drive water from the tissues. Thus, heat dehydration and direct mounting 
in liquid paraffin gave bright, red-gold organisms on a pale green background, 
with a stability of not less than two to three months. 

Clearing with xylol, while it removed only barely detectable amounts of stain 
from tubercle bacilli, did remove a good deal of rhodamine from all other species. 
Therefore, as it gave no greater clarity of background than was obtained by 
mounting the heated section directly into paraffin, it was considered wise to 
omit xylol altogether. All other dehydrating or clearing procedures tested re- 
sulted in immediate or gradual, partial or complete disappearance of the stain. 

An important factor predisposing the organisms to removal of the dye appeared 
to be the presence of water in the section. Thus, organisms in wet sections im- 
mersed in xylol lost the stain during approximately thirty minutes, whereas 
after heat dehydration little loss occurred in xylol during four hours or more. 
Alcohol or acetone applied to wet sections rapidly removed the rhodamine but 
only a proportion of the auramine, although both solvents rendered the organisms 
sensitive to later decolorization by xylol. Various dilutions of alcohol in water, 
20 to 80 per cent removed a great deal of the auramine as well as the rhodamine, 
and xylol subsequently applied removed the rest. 

It is important to note that, although apparently good results were at times 
obtained by rapid alcohol dehydration followed by xylol and paraffin, 25 to 50 
per cent of the organisms might give up the stain completely. This loss was 
clearly seen when serial sections were treated respectively by heat and chemical 
dehydration before mounting, and became very important when small numbers 
of bacilli were to be demonstrated. For example, human and guinea pig lesions 
showing in the vicinity of six organisms per tubercle with heat dehydration 
were usually negative when treated with alcohol and xylol, or at best showed 
ghost forms of doubtful significance. 

It must be conceded that the chemical problems involved here are not clearly 
understood, but it would seem clear that rhodamine and, to a somewhat lesser 
degree, auramine taken up by acid-fast bacilli are variably soluble in organic 
solvents in the presence of water. Dehydration by heat prior to applying these 
solvents reduced the loss of stain from the bacterial cell, but the optimal result 
was obtained when solvents were omitted completely from the mounting process. 

It is important to note at this juncture that Mycobacteria, regardless of species, 
stained with carbolfuchsin do not show this tendency to be stripped of the dye 
by any of the procedures which have been found to remove the auramine- 
rhodamine complex. However, heating carbolfuchsin-stained M. lepraemurium 
sections in alcohol, which immediately strips all A-R dye from even the most 
resistant species, resulted in some loss of intensity in individual organisms. 
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Canada balsam and other popular mounting media are unsuitable because 
they are fluorescent. Three nonfluorescent agents were tested. Of these, both 
glycerine and Caedax ({I.G. Farben Ind.], the latter used with success by 
Matthaei for auramine-stained animal and vegetable fibers) caused fading of 
tubercle bacilli, especially if any heat was applied to the mounted specimen. 
Liquid paraffin, on the other hand, proved adequate as a mounting medium in 
which fading does not appear to occur, even when heated or on fairly prolonged 
storage. 
COMMENT 

It is obvious that fairly extensive comparisons must be made before it can 
be concluded that the fluorescence microscopy method is significantly more 
efficient for the study of sections than the Ziehl-Neelsen technique. In this 
laboratory serial sections of tissues from tuberculosis in man and animals and 
from other mycobacterial diseases have been compared by both methods. 
Regularly, the organisms were more readily detected and appeared to be present 
in very much larger numbers in the auramine-rhodamine-stained sections. 
Typical examples are to be seen in figures 1 through 8. In the human bowel and 
mouse lung lesions depicted, the number of bacilli present was large and the 
differences in visible organisms were consequently less striking than in sparsely 
populated lesions. The writer’s experience with lesions from experimentally 
infected guinea pigs is gradually expanding, and this laboratory is now receiving 
from pathologists specimens of human origin which show a typically tuberculous 
pathology but in which Ziehl-Neelsen staining has failed to reveal acid-fast 
bacilli. The findings to the time of writing have been that fluorescence micros- 
copy reveals as many as five times the number of organisms as does the Zieh!- 
Neelsen technique in adjacent sections from the block of tissue. Moreover, in a 
number of instances, both with guinea pig and human material, organisms have 
been found in significant numbers when Ziehl-Neelsen staining gave negative 
results. 

From these observations it is concluded that fluorescence microscopy is a 
simple and very efficient technique in terms of man hours for the successful 
detection of several pathogenic species of Mycobacteria in tissue sections. The 
recommended procedure for the tissue sections is as follows: 

1. Treat section with xylol and aleohol to remove paraffin. Wipe off excess 
alcohol. 

2. Place section on a hot plate at 75° to 90°C. and immediately aleohol evap- 
orates flood with auramine-rhodamine stain, which is allowed to act for ten 
minutes at this temperature. (Alternatively, heat may be applied two or three 
times during ten minutes to the underside of the slide with a flaming swab to 
promote active steaming of the stain.) 

3. Wash off excess stain in a gently flowing water bath. 

4. Immerse in acid-aleohol four minutes (M. tuberculosis); other species, in 
25 per cent H,SO, twenty to thirty minutes (until section is colorless when 
washed in water) 

5. Wash as above for thirty to sixty seconds to remove excess acid; blot gently 
and pass three or four times through a strong Bunsen flame to remove all water. 

6. Mount in liquid paraffin and ring coverslip with wax. 
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Acid-fast bacilli stand out strikingly as fluorescent reddish-gold rods in a 
soft green translucent reticulum of tissue against a black background. The 
illumination must be critical and is improved by placing liquid paraffin or 
glycerol between the condenser, which is slightly lowered, and the under surface 
of the slide. 

Even single bacilli may be detected under the low-power objective with 
experience, and larger aggregations are readily apparent. The high-power ob- 
jective is used for confirmation. It is seldom, if ever, necessary to employ the 
oil immersion objective, but a fluorescence-free cedarwood oil may be obtained 
for this purpose. 

SUMMARY 


1. Fluorescence microscopy reveals even small numbers of the common species 
of Mycobacteria in tissue sections very readily. The usefulness of this technique 
lies in the large numbers of organisms visible and the ease with which they are 
seen, owing to the striking color contrast between the bacteria and the tissue, 
even under the low-power objective. If the bacilli are few in number, they may be 
missed altogether in Ziehl-Neelsen staining. 

2. Bacilli can usually be detected, unless they occur singly in very small 
numbers, within a few seconds using a X5 or X7 eyepiece and a 16 mm. ob- 
jective. Confirmation is afforded with a 4 mm. dry objective. 

3. The method is simple, but care is essential in certain steps. Failures are 
usually traceable to the use of organic solvents prior to mounting, the use of 
mounting agents which exert a decolorizing action on stained bacilli, or to loss 
of caseous portions of the section through careless washing. 

4. Mycobacteria of any species stained by the Ziehl-Neelsen method show little 
or no tendency to surrender carbolfuchsin to organic solvents. 

5. The method is recommended for routine examination of potentially tuber- 
culous tissue and for the detection of other pathogenic Mycobacteria in sections. 


SUMARIO 


Descubrimiento de Pequefias Cantidades de Micobacterias en los Cortes. El Uso de la 
Microscopta Fluorescente 


La microscopia fluorescente revela con mucha facilidad hasta un pequefio nimero de 
las especies més comunes de Mycobacteria en los cortes histolégicos. La utilidad de esta 
técnica se cifra en el gran nimero de microbios visibles y en la facilidad con que se obser- 
van, debido al notable contraste en color entre las bacterias y el tejido, aun con un objetivo 
de poco aumento. Si hay pocos bacilos, pueden pasarse por alto completamente con la 
coloracién de Ziehl-Neelsen. 

Por lo general pueden descubrirse los bacilos, aunque estén aislados y aleancen nimeros 
muy pequefios, a los pocos segundos, usando un ocular 5 0 X7 y un objetivo de 16 mm. Se 
obtiene la confirmacién con un objetivo seco de 4 mm. 

La téenica es sencilla, pero en ciertos tiempos hay que desplegar cuidado. Los fracasos 
son casi siempre imputables al empleo de solventes orgd&nicos antes del montaje, al uso de 
montantes que ejercen efecto descolorante sobre los bacilos tefiidos o a la pérdida de por- 
ciones caseosas del corte debido a negligencia en el lavado. 

Las Mycobacteria de cualquier especie que tome el colorante de Ziehl-Neelsen revelan, 
a lo mds, poca tendencia a entregar la carbolfuchsina a los solventes orgdnicos. 
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FLUORESCENCE MICROSCOPY IN TISSUE SECTIONS 


Recomiéndase el método para el examen corriente del tejido potencialmente tuberculoso 
y para el descubrimiento en los cortes de otras Mycobacteria patégenas. 


RESUME 


Détection dans les coupes de mycobactéries en nombre réduit: L’utilisation de la microscopie 
de fluorescence 


La microscopie de fluorescence révéle dans les coupes de tissus la présence d’un nombre 
méme trés réduit d’espéces communes de M ycobactéria. L’avantage de cette technique est 
qu'elle permet de rendre facilement visible un grand nombre de bactéries, en raison du 
contraste marqué entre la coloration des bactéries et celle des tissus, méme avec l'objectif 
a faible grossissement. Lorsque les bacilles sont peu nombreux la méthode de coloration de 
Ziehl-Neelsen ne permet pas toujours de les voir 

Les bacilles peuvent habituellement étre décelés en quelques secondes, A moins qu’ils 
n’existent qu’en un seul point et en trés petit nombre, en utilisant un oculaire X5 ou X7 et 
un objectif de 16 mm. La confirmation est obtenue par |’usage d’un objectif A sec de 4 mm. 

La méthode est simple, mais certaines étapes réclament un soin particulier. Les échecs 
sont habituellement dis a l’emploi de solvants organiques avant le montage, A l’usage, pour 
l’immersion, de substances exercant une action décolorante sur le bacille coloré, ou A la 
perte de fragments caséeux de la coupe par un lavage négligent 

Les mycobactéries de toute espéce, colorées par la méthode Ziehl-Neelsen, ne montrent 
que peu ou pas de tendance a libérer la fuchsine carbolique avec les solvants organiques. 

L’auteur préconise ce procédé comme méthode habituelle d’examen des tissus potentielle- 
ment tuberculeux, et pour la détection dans les coupes d'autres types de mycobactéries 
pathogénes. 
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EFFECT OF TIME AND TEMPERATURE ON ANTIGENIC POTENCY OF 
BCG VACCINE! 


I. Storage at 2° to 4°C. 


KONRAD BIRKHAUG ano RAFAEL DARRICARRERE?* 


(Received for publication January 12, 1953) 


INTRODUCTION 


It is widely accepted that vaccine containing the greater number of living BCG 
aggregates produces the most rapid and durable tuberculin conversion rate (1) 
and that storage at 2° to 4°C. in the dark delays destruction of viable organisms 
(2). Edwards and Gelting (3, 4) report that BCG vaccine heated for two hours 
at 80°C. to kill the organisms produced very weak but durable allergy; vaccine 
consisting of one part living and 999 parts killed BCG produced a degree of al- 
lergy which at the end of one year was practically the same as that produced 
by some batches of standard and presumably living BCG vaccine. Moreover, 
they found no apparent reduction in the allergy-producing capacity of BCG after 
storage in the dark at 2° to 4°C. for at least two and one-half months; at room 
temperature (20°C.) for one month; at 30°C. for one week; and at 37°C. for five 
days. They concluded therefore that “there would thus seem to be no reason 
why most vaccines must be used within ten to fourteen days of preparation in 
order to obtain satisfactory allergy.” This conclusion, contrary to the experience 
in this laboratory and to the general opinion, led the present writers to under- 
take a study of the antigenic potency of BCG after storage at 2° to 4°C. up to 
four weeks and of vaccine consisting of killed or a mixture of living and killed 
BCG. 


MATERIALS AND METHODS 


Ninety-six tuberculin-negative guinea pigs weighing 357 plus-minus 26.23 gm. were 
divided into eight groups, each consisting of 12 animals. The sensitizing and immunizing 
antigen was BCG A-106, which was administered to eight groups as follows 

To Group 1: Freshly prepared 

To Group 2: One-week-old BCG maintained at 2° to 4° C. 

To Group 3: Two-week-old BCG maintained at 2° to 4° C. 

To Group 4: Three-week-old BCG maintained at 2° to 4° C. 

To Group 5: Four-week-old BCG maintained at 2° to 4° C. 

To Group 6: One part freshly prepared and one part killed (75° ¢ 
BCG vaccine 


for thirty minutes) 


To Group 7: Killed vaccine 


Group 8: Uninoculated controls 
The respective vaccines were administered similarly to each animal in all groups as 
follows: 0.1, 0.01, 0.001, and 0.0001 mg. of BCG contained in 0.1 ml. of phosphate buffer 


From the Division of Laboratories and Research, New York State Department of 
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solution pH 7.2 were injected intracutaneously on the shaved right side of the abdomen, 
and forty punctures made with automatic apparatus (5) through skin soaked with 20 mg 
of vaccine per ml. for the purpose of observing the local reactions to graded vaccine doses; 
10 mg. of vaccine were injected subcutaneously in the left hind leg for the purpose of sensi 
tizing and immunizing the animals against a challenge infection. The number of living BCG 
aggregates in each batch of vaccine was determined by serial tenfold dilutions, each seeded 
on five tubes of Lowenstein egg medium. The colony counts made after four and eight weeks 
of incubation at 37.5° C. of 1 mg. of vaccine per ml. are shown in table 1. 


TABLE 1 
Viasitity or BCG Vaccine Srorep at 2° to 4°C. up To Four Weeks 


COLONIES PER ML. OF : 
TYPS OF VACCING DILUTION OF 1 MG. OF 
VACCINE PER ML. : 


Fresh 10° 
1-week-old 10° 
2-week-old 10° 
3-week-old 10° 
4-week-old. . 10° 
One-half fresh and one-half killed 10 
Killed 10° 


TABLE 2 
AveraGe Maximum Diameters (Mm.) oF SKIN Lestons on Papvutes Turee 
Arter INsectIon oF Grapep Doses or Livinc anp Kitten BCG Vaccine 
Srorep at 2° ro 4°C. 
(Twelve Guinea Pigs in Each Group) 


BCG vaccine 


1-Week- | 2-Week- | 3-Week- 4-Week-| . 1g Fresh 
Old Old | Killed 


Old Old Lo Killed 


0.01 9 | q 
0.001 ‘ 8 
20 per ml. (multiple puncture). 1.6 


* Significantly different from fresh vaccine group at the P < 0.01 level. In Fisher's (8) 
tables for distribution of ¢ (quotient expressing deviations as multiple of its probable 
error), we observe that a P < 0.01 (probability that the observed mean deviation bearing 


this or smaller values cannot have occurred by chance alone) requires that ¢ 2 2.819 when 
each group contains 12 animals or samples. 


OBSERVATIONS 


Intracutaneous and transcutaneous skin lesions: In table 2 it may be seen that 
the average maximum diameters of skin lesions produced in three weeks with 
graded doses of the variously treated lots of vaccine were uniformly greater with 
the fresh, than with stored, vaccine and that the smallest skin lesions were in- 
duced by killed vaccine. The lesions produced by graded doses of the one-half 
fresh and one-half killed vaccine were approximately equal in size to those pro 


16.7 
38.9 
57.4 
66.7 
44.4 
100.0 
pose or BCG 
| 
(mg.) 
5.9 
4.3° J 
2.7 
2.2 
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duced by similar doses of vaccine stored up to two weeks. The same relation- 
ships were noted in the size of multiple puncture papules. Two months after 
inoculation, the skin lesions were still visibly raised and inflamed in the groups 
injected with graded doses of fresh, one-, and two-week-old, and one-half fresh 
and one-half killed vaccine while the remaining animals presented flattened-out 
or healed skin lesions. 

The regional axillary and inguinal lymph nodes were palpably enlarged in all 
inoculated animals two weeks after inoculation and remained uniform in size up 
to two months, when a definite reduction in size was noted in the animals inocu- 
lated with killed vaccine; after three months similar reduction was noted in the 
animals inoculated with four-week-old vaccine. The regional lymph nodes re- 
mained firm and markedly enlarged in the other groups. 


TABLE 3 
TUBERCULIN REACTIONS 
Averace Votume (Mm.*)* or InpuratTIon Hours Arrer INTRADERMAL 


INJECTION OF TUBERCULIN IN GuINEA Pigs INocULATED witH LivING AND KILLED 
BCG Srorep at 2° ro 4°C. 


(Twelve Animals in Each Group) 
BCG vaccine 


CONTROLS 


1 Week- 2-Week- 3-Week- 4-Week- Fresh 
Fresh | Old Old Old Old Killed Killed 


1 
2 1 ot 534t 237t 636 
3 0.1 256 74t 


(After challenge)  P.T. 
3 0.0001 597 1,515 1,479 1,014 1,487 


* Expressed in cubic millimeters of induration, calculated as half the thickness of the 
skin folded between caliper prongs multiplied by the two surface diameters of the tuber- 
culin-indurated area (2 by 10 by 10 = 200 mm.’). 

t Significantly different from fresh vaccine group at the P s 0.01 level. 

t Significantly different from the control group at the P s 0.01 level. 


Subcutaneous reaction to BCG: One week after the subcutaneous inoculation 
with 10 mg. of BCG in the left hind leg, all of the animals presented marked 
tumefaction around the BCG focus. The ensuing softening and fluctuation had a 
uniform pattern in all inoculated animals. Up to three months after inoculation, 
the BCG abscess remained intact in most animals while a few ruptured through 
the inoculation channel and promptly healed. The regional inguinal lymph 
nodes were uniformly enlarged and firm on palpation in all of the animals two 
weeks after inoculation and increased continuously in size up to three months 
except in the group inoculated with killed vaccine, in which reduction in size was 
noted two months after inoculation. 

Tuberculin hypersensitivity: In table 3 it is shown that the degree of allergy 
elicited with 10 and 1 mg. of Old Tuberculin (OT) one month after inoculation 


MONTHS AFTER DOSE OF 
INOCULATION OT 
(mg.) 
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and with | and 0.1 mg. of OT two months after inoculation was significantly 
greater in the animals injected with either fresh, one-, and two-week-old, or one- 
half fresh and one-half killed vaccine than with three- and four-week-old and 
killed vaccine. It is apparent that the freshest vaccine produced the most intense 
degree of sensitization in terms of induration and edema. Three months after 
inoculation, the degree of allergy had become equalized in all groups tested with 
0.1 and 0.01 mg. of OT except in animals inoculated with killed vaccine whose 
allergic reactions lagged significantly behind those of the other groups. 

Challenge infection: Fourteen weeks after inoculation with BCG vaccine, all of 
the immunized as well as uninoculated control animals were given 0.01 mg. of a 
three-week-old Léwenstein culture of H37Rv (of established virulence) in the 
right hind leg by the intramuscular route. This dose gave rise to 6,282 eugonic 
colonies on a series of Lowenstein cultures after eight weeks of incubation. At this 
time there was no significant difference in the body weight among any of the 
eight groups of animals. 


Results After Challenge Inoculation 


One month after the challenge inoculation, tuberculin reactions with 10 mg. of 
OT measured 1,029 plus-minus 390.68 mm.’ in the control animals. The right 
inguinal lymph nodes adjacent to the virulent inoculum site were palpably en- 
larged and firm in consistency. These lymph nodes were not regularly enlarged in 
the immunized animals. The average growth curves were identical in all animal 
groups up to this time. 

Three months after the challenge inoculation, tuberculin reactions with 0.0001 
mg. of purified tuberculin (6) were approximately comparable in intensity in the 
controls and in the groups immunized with four-week-old and killed vaccine; con- 
siderably less intense in the group immunized with one-half fresh and one-half 
killed vaccine; and significantly less in the groups immunized with fresh, one-, 
two-, and three-week-old vaccine than in the control group, as shown in table 2. 
Inguinal lymph nodes adjacent to the challenge inoculum site were definitely 
larger and firmer in consistency in the controls and in the group immunized with 
killed vaccine than in the remaining animals. The growth curve likewise showed 
an average loss of 200 gm. in the control group as compared with the steadily 
increasing body weight of animals immunized with fresh vaccine, and of approxi- 
mately 100 gm. in the remaining animals. 

Fight control animals (66.7 per cent) succumbed with generalized tuberculosis 
64, 98, 124 (two), 126, 130, 131, and 139 days after the challenge inoculation. 
The surviving 4 were killed 150 days after inoculation when the experiment was 
terminated. Up to this time no animal had died in the groups immunized with 
fresh, one-, and two-week-old vaccine. One animal had died with generalized 
tuberculosis in each group immunized with three-week-old (139 days) and four- 
week-old (91 days) vaccine, 2 animals (91 and 158 days) in the one-half fresh and 
one-half killed vaccine group, and 4 animals (92, 97, 123, and 139 days) in the 
killed vaccine group. The surviving animals were killed 151 to 168 days after 
the challenge inoculation. 
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Necropsy findings: As previously described (7), necropsy was delayed several 
hours until blood had coagulated to ensure uniformity in assessment of weight of 
various lymph nodes and organs. Completed data were tested for significant 
differences by the method of Fisher and Yates (8) for comparison of two means. 
As may be seen from the data in table 4, the body weight at necropsy was sig- 
nificantly greater in the immunized than in the control animals and the average 
weight was highest in the fresh vaccine group. The gross pathologic picture of 


TABLE 4 
Tupercu.tous Hyperpasta 
Post-CHALLENGE Guinea Pias Immunizep Living anp BCG 
Srorep at 2° ro 4°C. 
(Twelve Animals in Each Group) 


BCG vaccine 
MATFRIAL CONTROLS 


2-Week 3-Week- 4-Week- Fresh 
Fresh = 1-Week-Old Old Old Old Killed ig Killed 


Body weight, 

gm. 676 ri 797 780 
No gross tuber- 

culosis 0 
Localized tuber- 

culosis 
Generalized 

tuberculosis 
Right sup. 

inguinal 

nodes, gm. .14* 
Right deep in- 

guinal nodes, 

gm. 0.09° 0.08" 0.09° 0.37 0.43 0.15* 
Right para-iliac 

nodes, gm. a 0.41° 0.32* | 0.45° 0.62% 1.50 0.92 
Total lymph 

nodes, gm. 9.61 2.32° 4.42° 4.044° 5.08* 5.97% 9.54 6.60° 
Spleen, gm. 3.71 0.87* 1.14° 0.85* 0.88* 1.54° 2.62* 1.13°* 
Liver, gm 44.19 39.80° 37.08% 40.54 39.49 43.80 49.53 41.50 
Lungs, gm. 8.43 5.97° 6.97° 7.49 6.55* 7.80 9.39 8.68 


* Significantly different from the control group at the P s 0.01 level. 


the control group showed localized tuberculosis in only 2 animals (16.7 per cent) 
and generalized tuberculosis in the remainder. The fresh vaccine group showed 
66.7 per cent with no gross tuberculous lesions; the one- and two-week-old vac- 
cine groups showed 50 and 25 per cent; and the three-week-old and one-half fresh 
and one-half killed vaccine groups, respectively, 16.7 per cent without tubercu- 
lous lesions. 

The four-week-old vaccine and the killed vaccine groups showed no animal 
without tuberculous lesions. The latter presented 33.3 per cent localized and 66.7 
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per cent generalized tuberculosis; and the former, the reverse. The group treated 
with three-week-old and one-half fresh and one-half killed vaccine were equiva- 
lent in specific resistance. By and large, the most effective, although incomplete, 
protection was produced by fresh, one-, and two-week-old vaccines, in that order. 

The quantitative data on enlarged regional and distal (17 sets per animal) 
lymph nodes and on the spleen, liver, and lungs agree closely with the gross 
pathologic picture. The protective capacity of an equal mixture of fresh and 
killed vaccine is significantly greater than that of killed and four-week-old vac- 
cines (1), but the highest degree of resistance, although incomplete, is produced 
by fresh vaccine stored at 2° to 4°C. in the dark up to three weeks. Presumably 
this protective mechanism is intimately related to the numerical living population 
of BCG aggregates present in the vaccine at the time of primary inoculation and 
their ability to multiply and survive in the body (9). The data in table 1 illustrate 
this relationship. 


SUMMARY 


Freshly prepared BCG vaccine rapidly loses its viable aggregates and antigenic 
potency when stored at 2° to 4°C. in the dark. 

Correlation is established between the numerical living population of BCG 
aggregates present in the vaccination inoculum and the production of specific 


resistance against a challenge tuberculous infection in the guinea pig. 
Vaccine stored at 2° to 4°C. should preferably be used within two weeks after 
preparation. 
SUMARIO 
Efecto del Tiempo y de la Temperatura sobre la Potencia Antigénica de la Vacuna BCG 


La vacuna BCG recién preparada pierde rdpidamente sus agregados viables y potencia 
antigénica al ser conservada a 2° 6 4° C. en la obscuridad. 

Establécese correlacién entre la poblacién viviente numérica de los agregados de BCG 
presentes en el indculo vacunal y la produccién de resistencia especffica a una infeccién 
tuberculosa provocativa en el cobayo. 

La vacuna conservada a una temperatura de 2° a 4° C. debe ser usada de preferencia 
en término de dos semanas de su preparacidén. 

RESUME 
Effet du temps et de la température sur l’activité antigéne du vaccin BCG 

Le vaccin BCG, fraichement préparé, perd rapidement ses agrégats viables et son 
activité antigéne quand il est conservé A 2° A 4°C. dans l’obscurité. 

Les auteurs établissent une corrélation entre la valeur numérique de la population 
vivante des agrégats BCG présents dans l’inoculum vaccinal et la production d’une ré- 
sistance spécifique contre |’infection tuberculeuse d’épreuve chez le cobaye. 

Le vaccin conservé 4 2° a 4°C. doit @tre utilisé, de préférence, dans les deux semaines qui 
suivent sa préparation. 
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SULFONE (HYDROXYETHYL SULFONE) IN PULMONARY 
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MARSHALL, K. ALBERT HARDEN, anv OTIS D. TURNER 


(Received for publication December 9, 1952) 


INTRODUCTION 


In 1948, M. I. Smith of the Experimental Biology and Medicine Institutes of 
the National Institutes of Health completed extensive animal studies of a 
sulfone which indicated a high therapeutic index in laboratory animals when 
combined with streptomycin (1). The drug (4-amino-4’-B hydroxyethylamino- 
diphenyl sulfone) is called hydroxyethy! sulfone or HES for convenience. The 
structural formula for hydroxyethyl sulfone is: 


SNHCH; COOH. 


Animal studies indicated that HES was approximately one-third as active as 
streptomycin. However, when HES was combined with streptomycin, in experi- 
mental infections the therapeutic index of the combination was twice that of 
streptomycin alone. Hydroxyethyl sulfone is well absorbed orally by animals 
and, following a dosage of 0.5 mg. per kg., is present in concentrations of 25 to 
30 y per ml. in the blood and 9 mg. per gm. of tissue in the lungs (1). 

In humans a dosage of 6 gm. daily resulted in blood concentrations of 5.0 
to 10 mg. per ml., with a urinary excretion of 55 per cent of the dosage in 
twenty-four hours. Smith inferred from animal experiments that the relatively 
low concentrations of HES in the blood indicated a preferential storage of the 
drug in the liver, spleen, and lungs (1). 

There is some evidence that hydroxyethy! sulfone is metabolized in the body 
to a carboxymethy! sulfone which is partially excreted in the urine. Smith also 
calculated that 25 per cent of the total dosage was excreted in the bile in twenty- 
four hours. 

OBSERVATIONS 


Absorption After Oral Administration 


In the present study, the drug concentrations in the blood of 18 patients 
who received 0.5 gm. of hydroxyethyl sulfone three times daily ranged from 2 


! From the Division of Tuberculosis, Howard University Medical School; and the Chronic 
Pulmonary Disease Service, Freedmen’s Hospital. 

? This investigation was supported by research grants from the National Institutes of 
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4 This drug, first synthesized in the National Institutes of Health Laboratories, was 
prepared for us by Merck & Co., Inc., Rahway, New Jersey, through the courtesy of Dr. 
Augustus Gibson, Medical Director. 
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to 11 y per ml. when the blood was drawn one hour after the last dose of the day. 


These data may be seen in figure 1. 


Human Toxicity 

Upon the basis of preliminary studies and evidence that patients tolerated 
dosages as high as 6 gm. daily for short periods, 2 patients were given 1.5 gm. 
daily for two months. No significant changes were seen in renal or hepatic func- 
tion, and the hemograms of both patients remained within normal limits. 

Accordingly, a total of 20 patients with bacteriologically proved far advanced 
pulmonary tuberculosis were treated with 1 gm. of streptomycin daily for six 
months and 1.5 gm. of hydroxyethyl! sulfone daily for one year. At the end of the 
first three months of the double therapy, all of the first 10 patients studied were 
excreting bacilli susceptible to streptomycin concentrations of less than 10 + 


per ml. 
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Patient 


Fic. 1. Blood concentrations in y of hydroxyethy! sulfone per ml. for 18 patients given 
1.5 gm. daily, taken one hour after the last dose of the day (based upon electrophotometric 
comparison with a diasone standard by the modified Bratton-Marshall technique (2)). 


The 20 patients received a total of 6,770 gm. of hydroyxethy! sulfone for 4,860 
patient days ranging from 411 to 17 days. The mean total dosage per patient 
was 338.4 gm. 

Hydroxyethy! sulfone taken in 0.5 gm. tablets three times a day was well 
tolerated. No gastrointestinal symptoms were observed. Cephalin-cholesterol 
flocculation and bromsulfalein tests remained normal when repeated at two- 
month intervals for a total of one year. Crystalluria was not observed. 

One patient, however, developed exfoliative dermatitis and severe icterus after 
sixty days and was removed from the hospital by relatives. Hepatic function 
tests done on this patient in another hospital were normal six weeks later. The 
role of chemotherapy in this patient’s hepatitis remains uncertain. 

In another study, a patient who had received 1.5 gm. of hydroxyethyl sulfone 
daily with streptomycin, 1.0 gm. daily, for ninety days developed clinical icterus 
which cleared promptly on discontinuance of the sulfone. This patient’s icterus 
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did not recur with continued streptomycin administration. The cephalin-cho- 
lesterol flocculation and the bromsulfalein excretion were normal five weeks after 
the icterus disappeared. 

In order to determine chronic hemotoxicity, monthly observations were made 
of the cell volume per 100 ml., mean corpuscular hemoglobin concentration 
(MCC), mean corpuscular volume (MCV), and leukocyte counts for the 20 
patients who received hydroxyethyl] sulfone for twelve months with streptomycin 
daily for the first six months. These data were compared with the corresponding 


TABLE 1 


COMPARISON OF THE MEAN VALUES OF BLoop CoNnsTANTS FOR CONTROL AND 
TREATED Groups 


PRETREATMENT 9 MONTHS 
| 


Num- Stand- | Num- Stand- 
berof Mean ard De-| ber of | Mean ard De- 
Patients viation Patients viation 


Streptomycin Plus Hydroryethyl Sulfone ! 
WBC.. 


20 8.4 | 2.82; 15 8.1 | 2.72 
20 | 92.0 | 6.24; 15 | 94.0 | 6.48 
19 | 33.0 | 3.46 15 | 33.0 | 3.32 
Cell volume per 100 ml................. ...| 20 | 37.0| 5.83 | 16 | 40.0 | 4.80 

Streptomycin Alone 
24 8.6 | 3.21 | 22 | 8.3 3.34 
MCV.... 24 | 90.0/ 8.12) 21 | 94.0 | 5.29 
MCC 24 33.0 3.00 21 33.0 | 2.45 
Cell volume per 100 ml. 24 | 40.0 4.24 22 | 44.0 4.00 
Hemograms of 89 Newly Admitted Patients Selected at Random | 
MCV..... 89 91.0 6.32 
MCC...... 89 32.0 | 2.83 
Cell volume per 100 ml. . 89 | 40.0 | 6.32 


Nore: Comparison of the standard deviations by Fisher’s z-transformation test shows 
the only significant difference to be the increase in the cell volume per 100 ml. for patients 
treated with 1 gm. of streptomycin daily for three months. The odds are 270 to 1 against 
this being a chance difference. No significant difference exists between the values for 
streptomycin- plus sulfone-treated patients at nine months and those of 89 untreated 
control patients. 


data for 24 patients given streptomycin daily for six months and with observa- 
tions on 89 patients with far advanced tuberculosis selected at random who were 
examined immediately after admission to the hospital. 

There was no statistical difference between the mean values of the leukocyte 
counts or cellular constants for the sulfone-treated and control groups at nine 
months. Comparison of the data for both groups with the mean admission values 
found for the 89 random control patients showed no significant initial differences 
(table 1). 

When the hematocrit determinations were compared after nine months of 
treatment, the mean values for the sulfone-streptomycin-treated group remained 
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statistically comparable to the mean value for 89 untreated controls. The cell 
volume per 100 ml. for those who received streptomycin alone for six months 
increased significantly from 40 to 44 per cent at nine months when compared with 
the mean value of 40 per cent for 89 untreated controls. This is suggestive of 
impairment of erythrogenesis when hydroxyethyl sulfone is given in a daily dose 
of 1.5 gm. for four months or more. 

Albuminuria was not observed for these patients, and the mean value of the 
specific gravity of the twenty-four-hour urine remained unchanged. 


Trial of Clinical Effectiveness 


Since hydroxyethy! sulfone proved relatively nontoxic in the first year of 
study, it was determined to observe three groups of patients in order to determine 
its clinical efficacy. 


Group I (57 patients) : Streptomycin, 1 gm. daily for 90 days; hydroxyethy! sulfone, 
1.5 gm. daily for 180 days 

Group IT (57 patients): Streptomycin, 1 gm. daily for 90 days 

Group IIT (57 patients): Streptomycin, 1 gm. daily for 90 days; sodium para- 

aminosalicyclic acid, 12 gm. daily for 90 days 


The patients in the study received no other antimicrobial drugs for six months 
after the conclusion of the stated regimens. However, all other methods of treat- 
ment were employed. 

Analysis by the life-table method of the survival probability for patients on 
the three regimens of drug treatment is not conclusive statistically because of 
the small number of the individual groups. The data in figure 2 and in tables 2, 
3, and 4 do indicate better probabilities of survival for patients treated with 
para-aminosalicylic acid (PAS) and hydroxyethy] sulfone for a six-month period 
than for those treated with streptomycin alone for three months. 

With regard to reversal of infectiousness, no significant difference appears when 
the status of patients on streptomycin alone is compared with that of patients 
who also received sulfone. Indeed, no great difference was anticipated since all 
of the patients had far advanced cavitary tuberculosis, and disappearance of 
M. tuberculosis from the sputum in the absence of collapse therapy was not 
anticipated. 

In figure 3 may be seen the roentgenographic findings by months of observa- 
tion of the patients on the streptomycin regimen compared with those who re- 
ceived streptomycin-sulfone therapy. 

The evaluations are based upon the least favorable opinion of any of the 
staff members who viewed the films by successive months. Slight improvement 
and slight worsening, as determined by roentgenography, were designated as 
“no change.” 

Comparable degrees of improvement occurred on both regimens in the first 
three months. After that time a spread of disease after cessation of streptomycin 
occurred more frequently among the patients who were then receiving no chemo- 
therapy than among those who were receiving the sulfone. In the latter group, 
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spread of disease tended to be delayed for six months or longer, ie., until after 
all chemotherapy was stopped. 
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Fig. 2. The probability of survival by months of observation on three regimens of 


antimicrobial therapy 


TABLE 2 


PROBABILITY OF SURVIVAL OR OF Deatu or 57 Patients TREATED WITH STREPTOMYCIN 


Datty ror Tourer Montus, Pius Soptem PAS, 12 Gu. ror Six Monrus 


PER CENT 
ER CENT 
’ ‘ 
NUMBER PER CPNT SURVIVED 
BSERVATION PERIOL woo prep AVERAGE wie pret rHROUGE 
NUMBER URVIVED 
IN MONTHS DURING DURES PRECEDIN 
AT RISA RING 
PERIOD AND 
URRENI 


100 px xy 


36 
0-12 
12 and over 


In table 5 the type of treatment given each group of patients and the outcome 
after eighteen months of observation are shown. Fourteen patients survived 
for eighteen menths despite the failure or inapplicability of collapse therapy. The 


| 
PER CENT 
WHO DIED 

IN PRE 

AND 

CURRENT 

PERIOD 
Pre 
57 2 57.0 3.5 65 3.5 
; 3 53.0 5.7 94.3 91.0 90 
is 41.5 2.4 a7 11.2 

34 2 33.0 3.0 47.0 14.9 
31 0 1 31.0 3.3 82.4 17.6 
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addition of hvdroxvethvl sulfone to the chemotherapy served as a death-deliving 
lactor to a greater extent than streptomyecth used alone tor thre months. Col 


therapy Vitis emploved equally in both vhen 


rABLE. 
of Sexvivat on Dearn or 57 Partents TREATED STREPTOMYCIN 
10 Datey ror Monrus, Pros 15 Ga 
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12 and over 


TABLE. 4 


of Stxvivat or or or 57 Parienrs TReatrep with 


Anone, 10 Ga. Dainty ror Tourer 


wo fl 
I? and over 


kvidence of The rapeutu theetiveness Against Stre plomuycin Resistant Organism 


Laboratory animals freshly infected with streptomvecin-resistant organisms 
| 


are reported to show a therapeutic response to hvdroxvethy! sulfone (2 Vhe 


comparatively low therapeutic index of hydroxvethyl sulfone must be const lere | 
however, in any expectation of results from therapy with this drag alone 

Four patients with streptomyein-resistant organisms were treated solely with 
3 um. of hyvdroxvethv! sulfone daily, and in six months of therapy showed ne 
evidence of any increase of bacterial susceptibility to streptomyeim. Therapeutt 
eally, all of the 4 patients improved or their disease remained stable, a trend 


which was established mn este h one betore therapy 
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fleet of Sultone “pon Kasily Observed Lesions 


It is generally agreed that the therapeutic efiheacy of an antimicrobial agent 


may mest readily be established by observation of fresh exudative disease. tu 
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provement or stability of 
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months of observation compared by drug regimens 


TABLE. 5 
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Liven 
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ral putients discharge d arre sted 


berculous ulcers or fistulas, endobronehia! 


ulceration, skin 
hematogenous tuberculosis of the lung. 


tuberculosis, 


Due to the predicted low therapeutic index of hydroxvethyl sulfone used alone 
it has not been employed for hematogenous disease 
Specific evidences of the antimicrobial effect of hvdroxvethyl sulfone are 


thought to be evidenced in the following case reports, accompanied by illustrative 
roentgenograms 
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Case 1 (D. H--Hosp. No. 80-3484). This patient was admitted to the Freedmen’s Hospital 
Annex on June 8, 1049, with far advanced pulmonary tuberculosis. The sputum was positive 
for tubercle bacilli on smear and culture. By error the patient failed to receive streptomycin 
until the following October. Marked clearing of the exudative lesion occurred in the first 
three months of therapy with sulfone alone (1.5 gm. daily), as shown in the roentgenograms 
This patient, who is not included in the comparative study, later had a successful left 


thoracoplasty and was discharged with arrested tuberculosis 


4 
| 


Pretreatment film. There is a large cavity Film after two months of treatment with 


Fig. 4. Case 1 


surrounded by moderately dense infiltra hvdroxvethyl sulfone, 1.5 gm. daily, 
tion in the upper third of the left lung showed resolution of the infiltration and 
apparent cavity closure 


Cave 2 (L. Ho Hosp. No. 88-5354). This 41-vear-old male patient was admitted to the 
Freedmen'’s Hospital Annex on Mareh 22, 1951. The diagnos?s at this time was pulmonary 
tuberculosis, moderately advanced, active. The sputum was positive for tubercle bacilli on 
smear and culture 

Symptoms on admission were cough productive of small amounts of brownish sputum 
and right chest pain. Roentgenogram of the chest revealed diffuse bilateral calcification in 
both lung fields with « large area of exudative infiltration in the right upper lung. Hydroxy 
ethyl sulfone, 3 gm. daily by mouth, was started on April 28, 1941, and continued to October 
24, 1951. Within three weeks after beginning of therapy there was marked diminution of 
cough and sputum. Weight change was not significant. Roentgenograms of the chest re 
vealed gradual clearing of the exudative lesion between May and September, 1951. By 
October, 1951, the lesion had almost completeiy disappeared 


Case 3 (BE. J. Hosp. No. 69-3444). This 22-vear-old female was admitted to Freedmen’s 
Hospital Annex on March 17, 1950. The diagnosis at this time was tuberculous left pleural 
effusion. The sputum became positive for tubercle bacilli on concentration and culture in 
October, 1950. During the first nine months of hospitalization there was gradual absorption 
of the effusion but the patient experienced several episodes of unexplained fever. In January, 
1951, she developed tuberculous pericardial effusion. Hydroxyethy! sulfone, 3 gm. daily by 
mouth, was begun on February 26, 1951, and continued to August 24, 1951. The tempera 


ture and symptoms associated with the pericarditis were alleviated during the first four 


weeks of sulfone therapy. There was steidy decrease in size of the cardiac silhouette and 
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the patient showed considerable improvement to June, 1951. At this time a tuberculous 
shbsecess was noted in the left lower anterior chest. There was diminution in the size of the 
ibscess and a decrease in drainage during sulfone therapy. The patient was then given 
streptomycin sulfate, 2 gm. twiee weekly, beginning on September 3 and continuing to 


December 13. 1951. During this period the abscess cleared completely 


=> 


kia. 6. Case 3 
Pretreatment film. There is plearal effusion After eight months of treatment with S gm 
nd enlargement of the cardiac silhouett of hyvdroxvethyvl sulfone daily, there os 
representing pericardial effusion decrease in the pleural effusion and 


nution of the pericardial effusion 


axe 4 Hosp. Noo This 20-vear-old female was admitted to this hospita 
on Oetober 15, 1051 The admission diagnosis was pulmonary tuberculosis moderatel 

sivaneed, active. The sputum was positive for tuber le bacilli on smear and eulture. The 
rocntgenogram of the ehest revealed a pneumonic lesion at the right base, and bronehoseop 
on December 31. 1951. revealed diffuse tuberculous lesions of the trachea and main bronehes 
Hvdroxvethvl sulfone. 3 gm. daily by mouth, was started on November 15, 1951. and con 
tinued to Mareh 25, 152 srome hoscapy on Februar 25. 1052 cafter 100 days of sulfone 
therapy) revealed complete healing of the tracheal and brone hial lesions. Roent genograme 
of the chest showed gradual but ste idy clearing of the right basal lesion. By Mareh, 1952 
ifter 180 davs of sulfone treatment, there had been marked resolution of the pulmonar 
leston The became negative tor tuberele on coneentrate eulture im 


February and Mareh, 152 


These reports show cleartog of exudative disc uses, healing of endobronehial 
tuberculosis, and definite ey idence of a therapouti effect upon tuberculous 


sinuses with the use of hvdroxvethy! sulfone alone 


Hudroxuethal Alone, Three Grams Daily, Compared w th Streplomyern, Two Grams 
Twice Weekly 


\nalvsis of the findings in this small group by the life-table method was not 
significant. Llowever, 5 deaths oceurred among the 27 sulfone-treated patients 
compared with 2 deaths in the group which received imtermittent streptomyen 


\ consistently greater proportion of concentrates and cultures nezitive tor 
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Fig. 7. Case 
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Following treatment with 3 gm. of byvdroxs 
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were removed every three or four minutes and very vigorously shaken. (If a mechanical 
shaker [paint shaker or mixer! is available, they may be shaken for ten minutes instead of 
incubating and shaking by hand during the longer period of time 

Each concentrated specimen was then recentrifuged at 2,500 r.p.m. for twenty minutes 
and planted on Lowenstein or Dubos medium containing dilutions of 4-amino-4°-B hy 
droxyethylaminodipheny! sulfone 

Hydroxvethyl sulfone (4-amino4’-B hydroxethvlaminodipheny! sulfone) was dissolved 
with constant agitation in diluted hydrochloric acid (1 per cent normal) and incorporated 
into the Lowenstein medium. Twenty per cent more of the sulfone was used when the 
medium was exposed to coagulation and sterilization with heat 

In Dubos medium the drug was added aseptically after the medium was filtered 

Test dilutions included a control and tubes containing | y per ml, 5 y per ml., 10 4 per 
ml., 20 per ml., and 50 per ml 
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Fig. 9. A comparison of reported cultural status and bacillary suseeptibility to 100 4 of 
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streptomyein per ml. by regimens and months of observation 


Bacterial Resistance 


Hydroxyethy! sulfone in doses of 1.5 gm. daily for six months, together with 
streptomycin, | gm. daily for three months, appeared to exert some suppressive 
effect on the emergence of streptomycin-resistant strains. This was difficult to 
prove conclusively but there was a slightly larger proportion of persons discharging 
streptomycin-susceptible organisms during the first six months among the sul 
fone-streptomycin patients than among those who received only streptomycin 
(figure 9). Unfortunately, no studies could be based on the effect of intermit 
tent administration of streptomycin combined with daily hydroxyethyl! sulfone. 

A consideration of the records of individual patients gave the impression that 
the hydroxyethyl! sulfone suppressed the growth of all tubercle bacilli, both 
streptomycin-susceptible and = -resistant forms. In those patients with open 
cavities, however, the discontinuance of the adjuvant drug apparently permitted 
a greater amount of bacillary growth, and the proportion of streptomycin-re- 
sistant cultures to positive cultures thus increased. 

Bacterial resistance to hydroxyethyl sulfone was observed to occur in the 
relatively small number of patients whose strains of tubercle bacilli could be 
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subjected to testing. Complete serial observations of drug susceptibility were 


not possible. 

Because these observations are not complete for all patients, only those results 
are tabulated in table 6 which were obtained consistently for at least three 
months of sulfone therapy. Forty pretreatment observations were available. 
All of these cultures showed complete inhibition by less than 5 y of hydroxyethy! 
sulfone per ml. 

For those studied, 4-plus growth was observed in more than 10 y of hydroxy- 
ethyl sulfone by the strains isolated from 13 patients. The average time after 
beginning therapy at which isolation of strains resistant to 10 y of sulfone per 
ml. was first observed was five months. The range was from three to nine months. 
The average time at which the last observation of continued susceptibility of 
tubercle bacilli to 10 y or less of the sulfone was 4.8 months for 14 patients; the 
range was from three to nine months. 


TABLE 6 
In Vitro Susceptisitity TO SuLPONE BY TREATMENT ReGimens AFTER 
Taree Montus or More or OpservaTION 


DILUTION OF HYDROXYETHYEL SULZONE 
IN y PER ML. 


REGIMEN 
Sensitive Growth Growth Growth 
to in 10 in 29 in SO 
7/mi. y/mi. 


HES, 1.5 gm. per day, 6 months; streptomycin 
1.0 gm./day, 3 months ; 
HES, 3 gm. per day, 6 months; streptomycin 


1.0 gm./day, 6 months 
HES, 3 gm. per day, 6 months 


Totals 


Of the 13 patients with strains of tubercle bacilli resistant to 10 y or more of 
hydroxyethyl sulfone per ml., 5 were also discharging organisms resistant to 
streptomycin, 100 y per ml. All of these patients experienced roentgenographic 
and clinical worsening; one died. 

Of 8 patients with tubercle bacilli susceptible to streptomycin but resistant 
to hydroxyethy! sulfone (4-plus growth in 10 y per ml.), one worsened and 7 
improved in terms of the status of their disease. 

Fourteen patients discharged bacilli susceptible to 10 y of hydroxyethyl] sulfone 
per ml. The disease improved in 13 of these 14 patients. The only patient who 
showed roentgenographic and clinical worsening had cultures resistant to 100 y 
of streptomycin per ml. This was the only patient with tubercle bacilli susceptible 
to hydroxyethyl sulfone in whom streptomycin-resistant bacilli emerged. It 
appeared that the patients whose tubercle bacilli remained susceptible to both 
drugs attained the best results from chemotherapy. 

Of 10 patients not reported above, observed on hydroxyethy! sulfone (3 gm. 
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daily) alone, 5 developed bacterial strains which were resistant to 10 y or more 
of hydroxyethy! sulfone per ml. but were sensitive to streptomycin. Three of 
these patients experienced clinical improvement. One patient’s disease worsened 
in the third month when his tubercle bacilli were capable of growing in 50 y 
of hydroxyethy! sulfone per ml. The culture of a fifth patient showed resistance 
to 20 y of hydroxyethy! sulfone per ml. after four months of therapy. This pa- 
tient’s disease worsened in the sixth month. In all 5 patients whose bacilli con- 
tinued to be susceptible to both drugs, the status of the tuberculosis improved. 


DISCUSSION 


The first objective of the present study was to determine the chronic toxicity 
of hydroxyethy! sulfone for humans. In doses of 0.5 gm. three times daily, com- 
bined with 1 gm. of streptomycin daily, hydroxyethy! sulfone appears relatively 
safe. Two cases of icterus appeared in 57 patients who received this combination 
of drugs. Neither patient had evidence of persistent liver damage; neither epi- 
sode can clearly be attributed to the hydroxyethy! sulfone. 

The failure of the mean erythrocyte volume to increase significantly after nine 
months of observation suggests a depressant effect upon erythrocyte formation 
after six months’ administration of 1.5 gm. of hydroxyethyl sulfone daily. The 
monthly leukocyte counts were not affected by the therapy with sulfone. 

The sulfone was well tolerated by the patients and, because of its smaller bulk, 
has definite advantages over PAS. Gastrointestinal symptoms were not seen. 

In terms of patient survival, roentgenographic improvement, and reversal of 
infectiousness, the combination of hydroxyethy] sulfone with streptomycin ap- 
pears to be advantageous. When previous treatment data were available, the 
advantage of hydroxyethyl sulfone plus streptomycin over streptomycin alone 
seemed more marked among individual patients who had had no previous chemo- 
therapy than among those who had received streptomycin. 

There is presumptive evidence in a small number of patients that hydroxyethyl] 
sulfone was effective in streptomycin-resistant infections. The use of this drug 
alone would seem inadvisable because of the possibility that sulfone-resistant 
strains might emerge in three to four months. The combination of hydroxyethyl] 
sulfone with other antimicrobial drugs deserves study when streptomycin re- 
sistance is present. 

Examination of individual cases revealed clearing of exudative disease, heal- 
ing of endobronchial tuberculosis, and some effect upon tuberculous sinuses. These 
are regarded as contributory evidence of antimicrobial activity since the num- 
ber of instances observed was small. 

The emergence of strains of tubercle bacilli resistant to hydroxyethy! sulfone 
was definitely established. Growth in 10 y of sulfone per ml. comparable with that 
in the control tube appeared in tubercle bacilli isolated after three to four months 
from patients who received hydroxyethyl sulfone alone and from those who 
received the drug along with streptomycin. It is not possible from these data to 
state the precise extent to which sulfone resistance will develop in a group of 
tuberculous infections when complete serial observations of drug susceptibility 
are made. 
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Consideration of the clinical and laboratory evidence presented here indicates 
that hydroxyethy! sulfone and streptomycin together possess an advantage over 
either drug alone, and it is believed that the use of hydroxyethyl sulfone should 
be further studied. 


SUMMARY 


Hydroxyethy] sulfone is well tolerated by the oral route and gives no observable 
evidence of gastrointestinal irritation in daily doses of 1.5 to 3.0 gm. 

The possibility of a long-term depression of erythrocyte formation is recog- 
nized. Two patients developed icterus during the administration of the drug. 
Neither patient was completely studied at the time. Clinical and laboratory studies 
at a later date failed to show evidence of liver damage. 

Hydroxyethy! sulfone administered along with streptomycin appeared to 
exert antituberculous activity superior to that obtained by the use of strepto- 
mycin. 

In the presence of streptomycin-resistant bacilli in the sputum, the use of 
hydroxyethy! sulfone alone is not advisable unless it can be combined effectively 
with another drug or drugs. 

Isolation of tubercle bacilli resistant to 10 y of sulfone per ml. appears to cor- 
relate well with the occurrence of clinical and roentgenographic worsening of the 
patient’s tuberculosis. This phenomenon is most marked when it occurs in com- 
bination with the finding of tubercle bacilli resistant to 100 y of streptomycin 
per ml. 

Resistance to the 10 y per ml. concentration of hydroxyethyl sulfone, when 
seen, appears in an average time of four months of therapy; it may appear in 
three months or be delayed as long as nine months after the start of therapy 
with the drug. 


SUMARIO 


El Uso de la Sulfona 4-Amino-4' B Hidrorietilaminodifenilica en la Tuberculosis Pulmonar 


La sulfona hidroxietflica (S.H.E.) es una droga bien tolerada por via oral, que a dosis de 1.5 
a 3.0 gm., no produce signos observables de irritacién gastrointestinal. 

Se reconoce la posibilidad de una depresién a largo plazo de la eritropoyesis. Dos en 
fermos manifestaron ictericia durante la administracién de la droga, pero ninguno de los 
dos fué estudiado a fondo en dicha fecha y los estudios clinicos y de laboratorio verificados 
después no mostraron signos de lesién hepatica. 

La eficacia clinica de la S.H.E. combinada con la estreptomicina es demostrable. La 
sulfona hidroxietiflica, usada por si sola, es menos eficaz que la estreptomicina usada por 
si sola. La combinacién de ambas drogas es comparable, en eficacia clinica, a la combinacién 
de estreptomicina y 4cido para-aminosalicilico. 

Cuando existen bacilos estreptomicinorresistentes en el esputo, no conviene usar la 
S.H.E. sola, a menos que pueda combinarse eficazmente con otra o varias drogas 

La resistencia bacilar a 10 y de S.H.E. por ml. parece correlacionarse bien con la apari- 
cién de empeoramiento clinico y radiogréfico, que es m4s pronunciado cuando se presenta 
en combinacién con colonias en 100 y de estreptomicina por ml. 

Cuando se observa resistencia a la dilucidén de 10 y de sulfona por ml., aparece en un 
nromedio de cuatro meses, pudiendo aparecer en tres meses o demorarse hasta nueve meses 
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RESUME 


Emploi de la 4-amino-4' B Hydroryéthylaminodiphényl sulfone dans la tuberculose pulmonaire 


La hydroxyléthysulfone (H.E.S.) est un médicament bien toléré; l’administration orale 
aux doses de 1, 543 g. ne produit aucun signe d’irritation gastro-intestinale. 

La possibilité de l’apparition tardive d’une réduction de la formation d’érythrocytes est 
admise. Deux malades ont été affectés d’ictére au cours de |’administration de cette pré- 
paration. Aucun de ces malades n’avait été complétement étudié 4 ce moment. Des 
recherches cliniques et des examens de laboratoire pratiqués ultérieurement n’ont pas 
révélé d’altération des tissus hépatiques. 

L’efficacité clinique de la H.E.S. combinée a la streptomycine est démontrable. Utilisée 
seule, l’hydroxyéthylsulfone est moins efficace que le streptomycine utilisée seule. L’effi- 
cacité clinique de l'association des deux produits est comparable a celle de l'association de 
la streptomycine et de |’acide para-aminosalicylique. 

En présence de bacilles streptomycino-résistants dans les crachats, |’administration de 
la H.E.S. seule est déconseillée, une autre médication ou d’autres médications efficaces 
doivent lui étre adjointes. 

La résistance bacillaire A 10 y de H.E.S. par ml. parait correspondre nettement aux 
aggravations observées sur le plan clinique et radiologique. Ces phénoménes sont encore 
plus marqués quand ils se produisent en méme temps que le développement de cultures 
dans un milieu contenant 100 y de streptomycine par ml. 

La résistance A la dilution de 10 y de H.E.S. quand elle est observée, se manifeste au 
bout de quatre mois en moyenne; elle peut apparaitre dans les trois mois et jusqu’A neuf 
mois plus tard. 
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INTRODUCTION 


It has been shown previously that many strains of human and bovine tubercle 
bacilli grown on synthetic Kirchner’s medium produce progressively increasing 
amounts of riboflavin during the course of growth (1) and also an unidentified 
metabolite with pharmacologic characteristics similar to adenylic acid (2). The 
present report presents data on the influence cf various sources of nitrogen upon 
the growth rate, riboflavin production, and production of a pharmacologically 
active metabolite by Mycobacterium 607. This organism is a nonpathogenic strain 
of acid-fast bacteria obtained from the American Type Culture Collection. 


MATERIALS AND METHODS 


Mycobacterium 607, when planted on Kirchner’s medium has a lag period of 
less than one day, and full growth covering the whole surface of the medium is 
attained in three days. Throughout this work, Kirchner’s medium‘ was modified 


by the replacement of asparagine with the particular compound used as the 
source of nitrogen. 


The medium was always adjusted to pH 7.0 before autoclaving. Fifty milliliters of 
medium were used in all cases, and incubation was carried out in 125 cc. Pyrex flasks at 
38°C. One loopful of the pellicle of two- or three-day-old cultures was used as the inoculum. 
The strain was generally maintained in Kirchner’s medium. In order to get a uniform 
inoculum, it was necessary only in a few instances to use another fresh culture of the bac- 
teria or to pass it through Kirchner’s medium containing 0.001 per cent ferrous sulfate. 
Growth was recorded at the end of the seven-day incubation period as 0 = none; + = doubt- 
ful; 1 = slight; 2 = moderate, approximately one-half of the surface; 3 = good, approxi- 
mately three-fourths of the surface; 4 = very good, complete surface growth; 5 = luxuriant 

Riboflavin production was determined fluorometrically as previously described (1). In 
order to measure the alkali-resistant fluorescent material, the riboflavin was first destroyed 
by adjusting the pH of the sample to 11 or higher with several drops of N-NaOH. A second 
fluorescent measurement was then made. One milliliter of 5N HCl was added to the culture 
before autoclaving and the pH was adjusted to 7.0 after autoclaving and filtration. All 
fluorescent material was measured in terms of riboflavin and the unidentified alkali-re- 
sistant fraction was calculated as per cent of the total. Appropriate controls and blanks 


were used in all instances. 
The pharmacologically active metabolite, to be referred to as PAM, was determined in 


1 From the National Institute of Arthritis and Metabolic Diseases, National Institutes 
of Health, Federal Security Agency, Public Health Service, Bethesda 14, Maryland. 
? Fellow of American Leprosy Foundation (Leonard Wood Memorial). 
* Deceased. 
* For composition of this medium see J. Immunol., 1949, 61, 259. 
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the autoclaved filtrates by assay on the isolated rabbit intestine with adenylic acid (ade 
nosine 3-phosphoric acid) as the reference standard, as previously described (2). Quantita- 
tive results are best attained by suspending the intestinal strip, preferably the jejunal 
portion, in oxygenated Ringer-Locke solution and waiting for the circular and peristaltic 
contractions to disappear, with only longitudinal movement remaining. 

Amino acids, some inorganic and organic nitrogen compounds, and several purines and 
pyrimidines* were used as sources of nitrogen. Each experimental result was based upon an 
average of at least four determinations. 


RESULTS 

The influence of 24 amino acids and of 12 stereoisomeric amino acids on growth, 
riboflavin, and production of the pharmacologically active metabolite (PAM) 
is summarized in table 1. Seven of these, t-alanine, 8-alanine, L-histidine, L-glu- 
tamic acid, L-proline, L-aspartic acid, and L-valine were as effective as L-aspara- 
gine in promoting growth and the production of riboflavin and PAM. Arginine, 
lysine, cysteine, and leucine were less effective, and the others tested were either 
slightly effective or ineffective. Glycine, pL-serine, L- and p-phenylalanine, and 
L- and p-tyrosine, all rather closely related chemically to L-alanine, were practi- 
cally ineffective while L-alanine itself was as good as the best, including L-as- 
paragine. Similarly, t-hydroxyproline was almost inactive compared with 
L-proline. It has been suggested by Long (3) that the benzene ring of phenylala- 
nine and tyrosine is toxic to the microorganism. 

Comparing the activity of some of the amino acids with respect to their 
stereoisomerism, there is a regular correlation in that the L-form is generally more 
active than the p-isomer. Thus, L-asparagine, L-histidine, L-aspartic acid, L-iso- 
leucine, L-valine, and L-lysine appear better than their p- or pi-forms. L-Aspara- 
gine has previously been reported to be more effective in promoting growth of 
the tubercle bacillus in Sauton’s medium than the p-form (4). 

In general, the results indicate that the amino acids active with respect to 
growth also permit the production of riboflavin and PAM. The less active amino 
acids permit the production of riboflavin and PAM roughly in relation to their 
ability to support growth. 

The effect of 17 ammonium salts of organic and inorganic acids on growth and 
metabolism of Mycobacterium 607 is shown in table 2. Twelve of these were ac- 
tive, one was moderately active, one was slightly active, and three had no 
activity. Here again, those compounds which supported good growth permitted 
the production of riboflavin and PAM. Little or no riboflavin and PAM were 
produced when the less active ammonium compounds served as the only sources 
of nitrogen. The anions, benzoate, salicylate, nitrite, and borate evidently ex- 
hibited a bacteriostatic action which interfered with a stady of nitrogen utili- 
zation. 

Several of the active ammonium salts, especially those of the inorganic acids, 
shifted the pH of the medium during incubation from an initial 7.0 to as low as 
5 at the termination of the experiment. This did not interfere, however, with 
growth or riboflavin and PAM production. 

* Amino acids and purine and pyrimidine compounds were obtained from the Nutritional 
Biochemicals Corporation, Cleveland, Ohio. 
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In table 3 the results of experiments with several purines and pyrimidines are 
summarized. Uracil was the only compound which supported normal growth. 


TABLE 1 
Errect or Amino Actps oN GrowTH AND MeTaBoLism oF Mycopacrerium 607 


MG. OF PHARMA- 
COLOGICALLY 


PER 100 ML. STAN’ ACTIVE METAB- 
AMINO ActD, M/25 | (PAM) 
AS ADENYLIC 


| Alkali- OF TOTAL ACID PER 
Total resistant | 100 mL. 


7 OF FLUORESCENT MATE- 
RIAL AS RIBOFLAVIN ALKALI- 


79 65 
101 82 
51 


pL-Asparagine. . 
L-Asparagine... . 
p-Asparagine 
pL-Alanine 
L-Alanine 

8-Alanine 
pu-Histidine HC] 
L-Histidine HCl... 
p-Histidine HC] 
L-Glutamie acid 
pL-Proline 
L-Proline 
L-Hydroxyproline 
L-Aspartic acid 
p-Aspartic acid 
pL-Valine 

L-Valine 
pL-Norvaline 
L-Arginine HC] 
pi-Lysine HCl 
L-Lysine HC] 
pL-Leucine 
L-Leucine 
pL-Norleucine 
L-Isoleucine 
p-Isoleucine 
Cysteine HCl 
Glycine 
puL-Ornithine 
pL-Threonine 

pL- and L-Methionine 
and L-Tyrosine* 
L- and p-Phenylalanine. . 
L- and p-Tryptophane 
pL-Serine 


75 


| 
| 
| 


* = M/100 


Adenine failed to support growth, while adenosine and adenylic acid gave mod- 
erately good growth. Thymine, guanine, and guanosine were inadequate. The 
production of fluorescent substances and riboflavin was apparently related to 
the rate of growth in all instances except with guanylic acid. This appears to be 


| 
232 73 31 60 
(197 79 40 60 
291 87 30 69 
309 102s 383 91 
18 10 0 
267 93 | 35 58 
131 53 40 36 
126 67 83 62 
10 10 0 
10 8 | 80 | 0 
348 19 | 56 46 7 
5 | 100 | 0 
s2 | @ 24 35 
 doasmainien | 35 4 | 6 | 10 
| 12 | | | 25 
12 | 62 | 10 
5 | 5 100 
| 3 | 23 | | 
7 | 88 
| 31 | 46 | 
20 | 13 | 65 
2 | 0 | | 
wo | 27 | | 
3s | 3 | 100 
10 | 7 70 


122 CHANG AND SMITH 


TABLE 2 
Evrect oy Ammontum Compounps oN GrowTH AND METABOLISM OF MycopacTEeRIUM 607 


y OF FLUORESCENT 

MATERIAL AS BInO ALKALI uc. or PAM 

FLAVIN PER 100 wt. RESISTANT AS ADENYLIC 
compounp, M CENT ACID PER 
Alkali- OF TOTAL 100 


Total resistant 


Amm. chloride 150 
Amm. bromide 218 
Amm. nitrate 210 
Amm. carbonate 188 
Amm. sulfate 177 
Amm. phosphate-dibasic 212 
Amm. acetate 175 
Amm. sulfamate 

Amm. oxalate 

Amm. succinate 

Amm. tartrate 

Amm. citrate 

Amm. formate 

Amm. borate 

Amm. benzoate 

Amm. salicylate 

Amm. nitrite 


* Blank which contained the medium with the particular nitrogen compound but with- 
out M. 607 produced slight depression followed by marked stimulation of the rabbit's in- 
testine. Assays made against adenyliec acid dissolved in the blanks. 


TABLE 3 
or Some PurRiInes AND PYRIMIDINES ON GrowTHu AND METABOLISM 
or Mycopactertum 607 


OF FLUORESCENT 
AS RIBOFLAVIN PER 100 ML. | ALKALI 
| RESISTANT 
PER CENT OF 
Alkali- | TOTAL 
Total tesistant | 


mc. or PAM as 
| ADENYLIC ACID 
Per 100 


COMPOUND AND CONCENTRATION 


70 31 
12 60 
39 55 
14 38 

9 60 

4 80 
10 40 
= 


Uracil —M/25 
Guanylic acid— Sat. sol 
Adenosine —M /75 
Adenylie acid —M /50 
Guanine HCl—Sat. sol 
Guanosine—M /150 
Thymine—M /25 
Adenine sulfate—M /25 


* These compounds have an action similar to that of the metabolite and no satisfactory 


assay was possible 


the only source of nitrogen so far studied which can support good growth but 


appears inadequate for the synthesis of riboflavin. 
In addition to the foregoing, several miscellaneous nitrogenous compounds 


; 43 28 28 
60 27 25 
on 53 25 25 

ae 41 21 42° 
51 29 27 
50 23 30° 

32 18 28° 
58 26 30 
ee 61 29 47° 

23 35° 
it 58 45 22° 
et 60 37 24° 
cae 33 39 12 
4 66 
a 5 100 0 

0 
0 

| 221 | 38 
20 | 5 

70 

37 

15 0 

5 0 
25 0 

+ 0 
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were tried with the following results. Sodium nitrate, p-glucosamine, nicotin- 
amide, guanidine, and glutathione supported excellent growth, promoted PAM 
production to the extent of 23 to 45 mg. of adenylic acid equivalent per 100 ml. 
and permitted the usual amount of riboflavin production. With p-glucosamine, 
riboflavin estimation was not possible because of the large amount of fluorescent 
material in the blanks. Creatine, creatinine, L-taurine, choline, tyramine, and 
p-aminobenzoic acid failed to support growth or the production of riboflavin or 
PAM. Streptomycin in concentration of 4 per cent, used as the only source of 
nitrogen, permitted moderate growth of the streptomycin-resistant variant, 
produced as previously described (2), and permitted the production of 20 mg. of 
adenylic acid-equivalent of PAM per 100 ml. Estimation of riboflavin production 
in this instance was also impossible because of the large amount of fluorescent 


material in the blanks. 


TABLE 4 
AMINO Acip N ReQuIREMENTs FOR GROWTH AND METABOLISM oF ‘MrcopacTerium 607 


L-ASPARAGINE | B-ALANINE 
7 of Fluorescent | vol F 
wor/ Material per Alkali Mg. of Material Per =| Alkali Mg. of 
100 ml | Resistant PAM as 100 Ml. Resistant | PAM as 
Growth , Pe _ Adenylic | Growth esistant | Adenylic 
er Cent } - Per Cent 
| | Total | Alkali- | of Total yl } Total | Alkali- | of Total — Ly 
| Total | resistant } otal | resistant : 
10 | 5 199 104 55 28 5 200 52 27 25 
25 5 178 57 32 27 5 226 38 7 26 
50 5 121 36 29 25 5 150 36 24 17 
100 5 117 40 34 12 5 101 39 38 12 
200 4 SS 39 44 9 4 SI 30 37 ' 
400 3 39 1S 46 5 4 34 15 44 5 
600 2 22 12 5A 5 3 22 ll 50 5 
800 l 14 7 50 4 2 16 s 50 4 


The quantitative relationship of the nitrogenous constituents of the medium 
to growth and metabolism of the tubercle bacillus was studied in a series of ex- 
periments with L-asparagine and 8-alanine, each used in concentrations varying 
from M/10 (approximately 1.3 per cent of asparagine) to M/800 (16 mg. of 
asparagine per 100 ml.). The results of this study, shown in table 4, indicate that 
there is no significant difference in the activity of the two amino acids and that 
the optimum concentration is approximately M/25 (approximately 0.5 per cent 
of asparagine, the normal concentration in Kirchner’s medium). Marked de- 
pression in PAM and riboflavin production occurs at concentrations of M/100, 
and significant depression in growth occurs at the concentrations of M/200 or 


less. 
DISCUSSION 


It is evident from these experiments that many nitrogenous compounds, in- 
organic as well as organic, can supply adequately the needs of Mycobacterium 
and the production of riboflavin and PAM. If the same should 


607 for growth 
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hold true for any other acid-fast strains, it is possible that sources of nitrogen 
cheaper than asparagine might be used. As Wong and Weinzirl (5) have reported, 
ammonium malate medium was successful in producing the same amount of 
tuberculin by Mycobacterium tuberculosis as the asparagine medium. Lieou and 
Kouo (6) also reported the satisfactory substitution of asparagine by sodium 
glutamate in the production of BCG vaccine. 

The action of ammonium compounds on acid-fast organisms has been studied 
extensively by many workers. Most of these substances support excellent growth. 
Ammonia was found to be produced from amino acids; this deamination has been 
suggested as the primary step for the utilization of nitrogen (7). 

The data in the several tables with reference to the alkali-resistant fraction 
of the fluorescent materials in the culture filtrates indicate that, regardless of 
the nitrogen source, when bacterial growth was good the percentage of this 
fraction with regard to the total fluorescent materials was in the neighborhood 
of 20 to 40 per cent. The higher percentages are to be found only in the instances 
in which the nitrogenous constituent was inadequate to support normal growth 
either by virtue of the low nitrogen content, as in table 4, or by virtue of the 
inadequacy of the particular source of nitrogen, as may be seen in tables 1, 2, 
and 3. 

This interesting, inverse relationship of the alkali-resistant fraction to bacte- 
rial growth is analogous to the previously reported observations with slow- 
growing strains in which the alkali-resistant fraction constituted 75 to 100 per 
cent of the total fluorescent material during the lag phase; it dropped roughly to 
50 to 75 per cent during the phase of initial growth, and it fell further to 20 to 
30 per cent during the phase of rapid growth (1). This alkali-resistant fraction 
was not then identified, nor does the present work contribute toward its iden- 
tification. 


SUMMARY 


A series of nitrogenous compounds were tested for their ability to serve as the 
sole source of nitrogen to promote growth, riboflavin production, and the syn- 
thesis of a pharmacologically active metabolite (PAM) by Mycobacterium 607. 

Eight of the 24 amino acids tested were able to support excellent growth. Four 
supported moderately good growth, and the others were slightly effective or not 
at all. Riboflavin and PAM production were generally related to the rate of 
growth. Comparison of the activity of some of the amino acids with respect to 
their stereoisomerism revealed a regular correlation in that the L-form is gen- 
erally more active than the p- or pi-forms. 

Of 17 organic and inorganic ammonium compounds, 12 supported excellent 
growth, one moderately good growth, and the others were ineffective. Riboflavin 
and PAM production in this series were also related to growth, as in the amino 
acid series. 

Of a group of 8 purines and pyrimidines, only one, uracil, was able to support 
normal growth. The others supported subnormal or slight growth only. Uracil 
also permitted normal riboflavin and PAM production. 


14 
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A quantitative comparison of the ability of 2 amino acids, L-asparagine and 
8-alanine, to promote growth, riboflavin production, and PAM synthesis showed 
little difference between them provided that they were both used in effective 
concentrations in the medium, which was approximately M/100 for growth 
and approximately M/25 to M/50 for the production of riboflavin and PAM. 


SUMARIO 


Estudios del Metabolismo de las Micobacterias: II]. El Efecto de Varias Fuentes de Nitrégeno 
sobre el Desarrollo, la Produccién de Riboflavina y la Sintesis de un 
Metabolito Farmacolégicamente Activo 


Una serie de compuestos nitrogenados fué comprobada en cuanto a la capacidad de los 
mismos para servir como fuente exclusiva de nitrégeno para fomentar el desarrollo, la pro- 
duccién de roboflavina y la sintesis de un metabolito (PAM) farmacolégicamente activo 
por el Mycobacterium 607. 

Ocho de los 24 aminodcidos ensayados se mostraron capaces de sostener un desarrollo 
excelente. Cuatro sostuvieron un desarrollo moderadamente bueno y los demds resultaron 
ligeramente eficaces o ineficaces. La produccién de riboflavina y de PAM guards en general 
relacién con la intensidad del desarrollo. Una comparacién de la actividad de algunos de los 
aminodcidos con respecto a su estereoisomerismo revelé una correlacién regular, en que la 
forma L es generalmente mas activa que las formas D o DL. 

De 17 compuestos org&nicos e inorgdnicos de amonio, 12 sostuvieron un desarrollo ex- 
celente, uno moderadamente bueno y los demds resultaron ineficaces. La produccién de 
riboflavina y la de PAM en esta serie también guardé relacién con el desarrollo, lo mismo 
que en la serie de dcidos aminados. 

De un grupo de 8 purinas y pirimidinas, solamente una, el uracilo, resulté capaz de 
sostener un desarrollo normal. Las dem&s apenas sostuvieron un desarrollo subnormal o 
leve. El uracilo permitié también produccién normal de riboflavina y de PAM 

Una comparacién cuantitativa de la capacidad de 2 aminodcidos, la L-asparagina y la 
8-alanina, para fomentar el desarrollo, la riboflavina y la sfntesis de PAM revelé poca 
diferencia entre ellos, con tal que se usaran ambos a concentraciones eficaces en el medio, 
representando aproximadamente M/100 para el desarrollo y approximadamente M/25 y 
M/50 para la riboflavina y la sintesis de PAM, respectivamente 


RESUME 


Etudes sur le métabolisme de Mycobacteria: I11. L’action de diverses sources d’azole sur la 
croissance, la production de riboflavine et la synthése d’un métabolite 
doué d’activité pharmacologique 


Des essais ont été faits avec une série de composés azotés pour déterminer leur action 
sur la croissance, la production de riboflavine et la synthése d’un métabolite pharma 
cologiquement actif (PAM) par le Mycobacterium 607, quand ils constituent l’unique source 
d’azote. 

Parmi les 24 acides aminés soumis aux tests, 8 se sont montrés capables d’assurer une 
croissance excellente. 4 ont produit une croissance modérée, les autres ont été peu ou pas 
efficaces. La production de PAM et de riboflavine était généralement en rapport avec le 
taux de croissance. Une comparaison de l’activité de certains acides aminés quant a leur 
stéréoisomérisme a révélé une corrélation constante, en ce sens que la forme Lest en général 
plus active que la forme p ou les formes bt. 

Parmi 17 composés d’ammonium, organiques ou inorganiques, 12 ont assuré une 
croissance excellente, 1 une croissance modérée, les autres ont été inefficaces. Dans cette 
série, comme dans celle des acides aminés, la production de riboflavine et de PAM était 
également en rapport avec la croissance. 


: 
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Dans un groupe de 8 purines et pyrimidines, une seule, l’uracile, a réussi A assurer la 
croissance normale. Les autres ne déterminaient qu’une croissance subnormale ou minime. 


L’uracile a également permis la production normale de riboflavine et de PAM 

Une étude comparative quantitative de la capacité de 2 acides aminés, la L-asparagine 
et la B-alanine, A provoquer la croissance et la synthése de la riboflavine et du PAM a 
montré une différence d’action peu appréciable, quand leur concentration dans le milieu 
étaient adéquates. Les concentrations étaient approximativement: M/100 pour la crois- 
sance, M/25 et M/50 pour la synthése de la riboflavine et du PAM. 
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CHANGE IN ABILITY OF A STRAIN OF MYCOBACTERIUM 
TUBERCULOSIS TO UTILIZE ASPARAGINE AS ONLY SOURCE 
OF NITROGEN FOR GROWTH! 
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INTRODUCTION 


Asparagine has frequently been used as a source for nitrogen in various media 
for growth of tubercle bacilli. Despite the length of time that the growth of 
tubercle bacilli has been investigated, little is known of the biochemistry of 
growth of the microorganism nor is much known of the microbial metabolism 


of asparagine. 

In the course of studies on the utilization of asparagine by tubercle bacilli in 
this laboratory, observations were made on a change in the ability of a dihydro- 
streptomycin-resistant strain of the microorganism to utilize asparagine for 
initiation of growth and for growth itself. The results are published because the 
writers believe that they may lead to additional knowledge of the mechanism 
by which growth of tubercle bacilli is initiated. 


METHODS 


Tnoculum 


The inoculum consisted of a dihydrostreptomycin-resistant variant of the H37Rv strain 
of M. tuberculosis var. hominis. It was sustained by weekly transfers in sustaining media as 


described below. 


Media 


Sustaining media: The medium used for sustaining the culture in the experiments per- 
formed in 1950, reported here in table 1, was Tween? S8O-albumin containing asparagine. 
After these experiments had been completed, the cells were transferred to Petragnani solid 
medium and were kept refrigerated in this state for a period of nine months during the 
transfer of the laboratory to its present location. 

At the end of this period of refrigeration, the inoculum was transferred to liquid Difco 
TB broth-albumin medium containing proteose peptone instead of asparagine. It was sus- 
tained in this medium for all the experiments performed in 1952. 

Experimental media: The basic medium in which the experiments were carried out has 
been previously described by one of the present writers (1). The 1950 experiments were 
carried out in this basic medium; asparagine, bactocasitone, sodium succinate, and L-aspar- 
tic acid being added in 0.2 per cent concentration as indicated 

The 1952 experiments were carried out in the basic medium above with the following 
changes: no hydrochloric acid was added, the pH was adjusted by varying the ratios of 


monobasic to dibasic phosphate salts 


! From the General Medical Research Laboratory of the Veterans Administration Hos 
pital, Albany, New York 

? Proprietary name of the polyoxyethylene derivative of Sorbitan monooleate, Atlas 
Powder Co., Wilmington, Delaware 
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Preparation of the Inoculum 


The inoculum was prepared from a five- to eight-day-old culture of the organism grown 
in the sustaining medium. The culture was adjusted to 70 per cent transmission at 520 mu 
in a 19 mm. Coleman tube in a Coleman model 6 spectrophotometer by adding sterile sus- 
taining medium. Two-tenths of a milliliter of this suspension, equivalent to 2 X 10-* gm. 
dry weight (2), were inoculated into 10 ml. of the experimental medium. 


TABLE 1 


Grows OF a STRAIN OF M. TUBERCULOSIS IN THE 
Presence Or DinypROSTREPTOMYCIN AT INITIAL pH VaLue 6.0 
Inoculated October 25, 1950 
Basic Medium Plus Asparagine with and without Bactocasitone 
(Growth Expressed as Milligrams Dry Weight per 10.0 M1. of Medium) 


DIN YDROSTREP- DAYS AFTER INOCULATION 
BACTO- 
TOMYCIN CON- CASITONE 
CENTRATION 


per mi. 
0.06 
0.05 
0.06 
0.05 
0.07 
0.05 
0.14 
0.06 
0.11 
0.10 
0.18 
0.10 


Measurement of Growth 


The bacilli were grown in 19 mm. Coleman tubes, calibrated to 10 ml., and growth meas- 
urements were made by periodically recording per cent transmission. Per cent transmissions 
were converted to dry weight by using a curve prepared in the following manner 

Tubercle bacilli grown in the sustaining medium were concentrated and washed in a 0.1 
per cent solution of Triton A-20. The cells were then suspended in a known volume of wash 
solution and aliquots were then taken for dry weight determinations. Aliquots of the re- 
mainder were diluted with wash solution, and the resultant log of the per cent transmission 
readings at 520 mu was plotted against the corresponding dry weight. This curve (figure 1) 
served as the basis for establishing the analytical curve described below. It may be noted 
that, within certain limits, the per cent transmission is a straight-line logarithmic function 
of the dry weight; this is in agreement with the observation of Saz (4 

The corresponding curve for measuring the growth of the organisms in the experimental 
medium was determined from figure 1 as follows 

The two- to four-week growth from 200 ml. of the experimental medium was con 
centrated and washed as above, and made up to a known volume with the medium 
(Suspension A). Measured portions of Suspension A were further diluted with 
measured volumes of medium and the per cent transmission readings were recorded 
Dry weights were then determined by centrifuging and washing a known volume of 
Suspension A, resuspending the cells in wash solution, and reading dry weight of 
the resuspended cells from figure 1. The dry weights thus calculated from figure 1 
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my: 
0.12 0.22 0.35 0.55 | 0.75 
jot | 0.12 0.20 0.34 | 050 | 0.70 
wh 0.12 0.22 | 0.38 | 0.59 | 0.85 
ae | 0.14 0.22 | 0.38 | 0.60 | 0.75 
7 0.16 0.31 | 0.51 | 0.73 0.96 
fag | 0.14 0.30 | 049 | 0.70 | 0.90 
= | 0.30 | 0.56 0.82 | 1.20 | 1.50 
0.24 0.60 0.85 | 1.25 | 1.57 
We: 0.32 | O64 | | 1.48 | 1.80 
es 0.37 0.69 | 1.27 | 1.60 | 1.90 
0.43 0.77 | 1.23 | 1.57 | 1.85 
=i | 0.38 | O.71 | 1.31 | 1.69 | 1.90 
x. 
cA 
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Per cent transmission 


l 
2 3 4 
Mgm. dry wt bacteria per 10 mi. 
Fig. 1. Per cent transmission as a function of dry weight of bacteria suspended in 0.1 


per cent Triton A-20 solution. 
First set of determinations 
Second set of determinations 


Per cent transmission 


l 
2 3 4 
Mgm. dry wt. bacteria per 10 mi 
Fig. 2. Per cent transmission as a function of dry weight of bacteria suspended in aspara- 


gine-bactocasitone medium. 
First set of determinations 
Second set of determinations 
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were plotted against the corresponding per cent transmission readings of the cells 
in the experimental medium. This curve, shown in figure 2, was used for the meas- 
urement of all dry weights reported below. 


Accuracy of Growth Measurement 


Figures | and 2 were each established twice. The resultant curves were in very close 
agreement, as can be seen by examining the plotted points. 


MGM. BACTERIA PER 10 ML. 


60 


Fig. 3. Variation in growth initiation of an H37Rv strain, resistant to dihydrostrepto- 
mycin. Concentration of dihydrostreptomycin was 500 7 per ml; initial pH value, 6.0 
Key A—basic medium plus asparagine without bactocasitone, inoculated October 25, 
10) 
B—basic medium plus asparagine and bactocasitone, inoculated October 25, 1950 
C—same as B, but inoculated May 27, 1052 
D—basie medium plus asparagine but without bactocasitone, inoculated March 
, 1952 
same as ), but inoculated April 3, 1052 


same as J), but inoculated April 23, 1952 


‘ 


sume as J), but inoculated May 27, 1952 


RESULTS 
The enhancement of growth of a dihydrostreptomycin-resistant strain of JM. 
tuberculosis at an initial pH of 6.0 has been reported previously by one of the 
writers (1). It may be seen from table 1 that the observed growth was independent 


of the presence of bactocasitone. 
Two months after this experiment, the cells were placed on solid medium and 
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kept refrigerated for nine months. At the end of this period they were transferred 
to liquid TB broth-albumin medium as described in the section on methods 
On Mareh IS, 1952, seventeen months after the experiment in table 1, a similar 
experiment Was set up. This experiment was again set up on April 3, April 25, 
and May 27. In this series of experiments the enhaneing effect of dihvdrostrep 


tomyein at initial pH 6.0 was reproduced. As shown in figure 3, each succeeding 


TABLE 2 
PREPTOMYCIN RESISTANT STRAIN OF 
Av 
Inoculated May 27, 1052 
dium Plus isitome sand 


is Milligrams Dry Weight per 10.0 MI 


ROSTREPTOMYOIN 


DY DROSTREPTOMYCEN 


experiment in this series showed sam mereasig! law period and ill 
periods vere greater than those reported in table |. kor the sake of economy 
elaritv. however, the results with only one drug concentration are meluded 
this teabole 

Phis change in growth response must be caused by loss of ability to uti 


addition of buctoeusitone to the medium restored the original 


ug period and growth rate The data supporting this statement are found in 


This experiment Wits SOT vith the last experiment 


Growth of Dittyore Te reret tosis iN THe 
PRESENCKH 1 60 
Basic gine 
i 
Growth Expressed of Medium 
a 
- 
FABLE 3 
Growin \ or Mo Ti beret tosts rut 
Inoculated Oetober 25, 1450 
Basie Medium with Bactoeasitone but without Asparagine 
(irowth beapressed as Milligrams D Weight per 10.0 MIL of Median 
uy 
= 
‘e ’ a. 
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shown in figure 3 on May 27. 1952. [t differs from the latter in that the medium 


contamed per cent buctocusitone addition to the It may be 
seen that the growth observed in this experiment is esse ntially the same as that 
observed in the first experiments reported in table 1 


Ist 
ROSTREPTOMYE! 

Oetober 

Suceimate at 


ros Weight 


PABLI 
Rests 


At the time when the strain grew well with asparagine as the 


of nitrogen bactocnusitome sell with orl aspartic 
nerd could het replace asparagine tn the medium 


itself bosac tocusitote sup 
ported only 


slight ol growth, nnd there net appear to be an effect 


al dihvdrostreptomy« im comeentration on growth tuble | Although addition 


of sodium succmate ort to bactocusitone had some effect on vrowth 


in the presence of 1.000 4 of dihvdrostreptomyvent pet ml 


these analogues could 
not Wholly re place asparagine 


ns souree of nutrients tor growth tubles dand 5 


: 

» 

142 

ho pll Vance 6.0 

Growth bxvpressed as Milligr: per 10.0 MI of Medium 
ae 

+ 

(snowrn oF Dinvore oF MEO Te rut 

|) 
lnoeulated Oletober 25. 

Baste Plas Aspartie Netd and Bactoeasitone 

thi ‘ is Weight per If ONL of 

- 
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etlect produced by addition of bactocausitone to asparagine Was therefore 


noata re Tod \spuragine Is needed 


DIsc tL sston 


The dihvdrostreptomys n-resistant strain of VW. taberculosis at on 


time could utilize uspuragine Tor tniithation ot vrowth without ndded bactoens! 


Tone, while bactocusitone itself supported only traces ol vrowth without 


Ine. Over a period of time this strain has progressively lost ability to uiitiate 


growth thre absence of Whe Is thaw added thre 


medium CONTAINING asparagine, the strain vrows at the same rate as betore the 


change mere urred 


It Is probable that the observed effect is on iitiation of vrowth rather than on 


growth itself sinee the primary effect seems to be on the length of the lag 1M riod 


Comparison of growth rates in these experiments 


ingredients of the medium, especially the dihwdrostreptomyein, must undergo 


considerable changes and decomposition during the extended lag phases ob 


ed. 


In speculating on the nature of the change which has occurred in the bacteria 


metabolism two lines of research on the utilization of uspuragine mist be con 


sidered Miller \\ velsch (5 reported that are utilized 


j 


better than the unreneted amide, by Lactobacilli and by Leuconosto 


Suctoensitone pancrenty digest of onset and would presumably 


considerable quantities of peptides. One possibility, then, is that) tnitiation of 


growth of tubercle mav mvolve use ot a peptide and thet the change it 


ability of the organism to use asparagine may be the result of the loss of ability 


of the organism to form a peptide from asparagine 


Meister and his co-worker 3) have demonstrated transaminase renetior 


between asparagine anda keto-neid Which will not oecur m the absence of the 


amide group and which is associated with deamidation of This res 


tion is ano attractive mechanism im view of the produ thon of during 


the growth of tubercle bacilli in the presence ob asparagine It this renetion ent 


occur at a reasonable rate at pil 0), it is possible that bactoceasitone may supply 


ania keto-acid or its precursor and thus enable the reaction to proceed. The 


change m ability of the organism to use asparagine may be the result of loss of 


ability of the organism to produce an a@ keto-acid from asparagine 


In the « yperiment re ported in tuble Loin which the strain imitiated growth we 


without bactoeasitone. it should be noted that the mocula were grown tn a me 


dium contaming added “usparagine In the later experiments When the microor 


ganism Was undergoing change, the sustamiwg medium was Difeo TB broth base 


plus albumin. In this medium asparagine was omitted and was replaced with 


proteose peptone number 3. It usparagine is present at all in protease peptone 


wentration must be minute sinee the total amide concentration was re 


Its co 


ported the Diteo NIanual seventh edition te be per cont It i> 


that asparagine is utilized by means of adaptive enzymes produced by long 


growth of the culture in the presence of the amide and that successive transters 
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in the medium which did not contain asparagine resulted in progressive loss of 


these enzymes 

Another possibility is that bactocasitone may supply essential trace elements, 
such as Copper, Zine, and lead, which for some unknown reason are 
presently lacking. Bactocasitone contains some amounts of these trace elements 

It was interesting to observe whether the change in ability to utilize asparagine 
for initiation of growth was correlated with loss in virulence of the tubercle baci 
lus. Dr. Ernest J. Froelich of the Sterling-Winthrop Research Institute kindly 
consented to test the virulence of this strain for mice at the conclusion of the 
above reported experiments The strain was found to be virulent for these test 
animals although a relatively high dose was needed. Unfortunately, virulence 
tests of the strain, while it could still utilize asparagine for initiation of growth, 
were conducted only on the guinea pig, in which animal the strain was found to 
be highly virulent. The guinea pig, however, is generally believed to be mu h 
more susceptible to tissue inoculation of tubercle bacilli than is the white mouse. 
However, it is doubtful that any correlation exists between a quantitative change 
in Virulence and the change in ability to utilize asparagine The strain has been 
earned tor a long period of time on laboratory media Without anima! ol 
other methods of selection to mamitam virule Ans decrease riuienee cun 
be explained by the methods of carrving the cultures and probably oceurred ong 


hetore the « ves In asparagine mie tabeolism were obser ved 
SUMMARY 


\ dihvdrostreptomyen-resistant strain of fabereulo studied over 


theres veut period in this laboratory has progress! lost the abulitv to mitiate 
growth vith the only organic source of nitrogen, mas ¢ deneed by 
the prowre ive im the length of the law vhen bactocnsitone 
omitted. The te nuth al lng phisase Wis restored vhen bactocasitone Was 
ndded to the medium Bactocasitone without Sparagine is pool nutrient lor 
this strain of tubercle bacillus. Suceinie acid and L-aspartic acid could only pat 
tilly replace HSparagine nutrient tor growth inn thee presence of bactocust 
Phe mieroorganism Was shown to be still lor mice alter the 


metabolic change occurred 


SUMARIO 


‘ 
Unica Fuente de Nitrageno para Prolif 
un pertode che tre ene sboruterta d end ‘ Su pars 
j ty 
el alargamiento progresive de la tase de suspense: bactocasitona. Al agregar 
bactoensitena sit yins es un nutriente malo pars esta cepa del bactlo tubereulose 
Acide suecinics vel deide t o pudieron reeen ent en 7 
como tutriente prea en presenein de bactoeasiter Sevtin se demostr ‘ 
microbio era tod patogene los ratenes después de tener lugar la meta 
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Case Report 


HEPATITIS AND HYPOKALEMIA IN TUBERCULOSIS 


HARRY ALLEN, JRO EDMUND BEACHAM, axp HAROLD Wo KRESCHNER 
publication February 16, 155 
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vldition to the pathologie preture 


Case Report 


the ston the medreal service on 
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or 
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the patient. The t ity narried but sep 
t il developed, quite sudden! 
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ght loss 
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some w bia 

vidence of 


Phe other posit 


following resu 
The concent 
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The liver weighed 75) em. The « ipsule Was finely granular »touct The 
finely granular in appearane vith tin ellowish granular areas interspersed with tissue of 


greenish color. There were also minute vellowish granules apparent on cut surta Phere 


was nothing abnormal about the extra hepatie biltary svstem 

Phe kidney ighed gm. each. Capsules stripped with ease. On cul surface minute 

d. Gross architecture was otherwise normal. The re 

mainder of the genttourimna Was normal 
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ise ot hepatitis « proved to be cue to streptom con has been reporter 


the other hand. m wo numbers of eases of hepatitis due, or most likely due 


PAS ie repr The relationship of PAS therapy to the leveloy 


rent «of i tl causes reported the Army-Navy Veterans Adminis 
tration Croup ts comvinerng but not conelusive. One of the cases re 
ported by HT issociutes (7) developed hepatitis which recrudesced 
cessation of therap It is interesting to note that 
toxic tianiestutions occurred tn these eases and the present cus 
between twenty sever d thirty days from the onset of therap 
pathologie videspread hepatic necrosis present im this case is indis 
shable from that seen in the fatal eases of epidemic hepatitis, from homologous 
tundice, and from certain cases of “toxie hepatitis Phe microscopic appearance 
ed autolyvtie hepatic necrosis whieh affected some lobules in their entirety, other: 
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tassium 
tract, or it might setivate adrenal cortical function (12). The no-t 
through the produetion of gastromtestinal irritation with accompanying 
onuting. and diarrhea, diseomitort, anorexia, nausea, and vomiting were present 
Various combinations and wit! ving severity the twelve cases of 
companying sodium PAS therapy Simm, Heard and his associates (7). Review « = 
thirty-eight eases at Johns Hopkins MB (12) whieh had been treated with PAS for a 
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! TEES conn thee ind eleetrocardpographie eriteria. Seven 
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the of \ of the tive porertocat ole 
groups showed severe and persistent darhea 
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In the patient of the present report liarrhes was never present to any marked degrer 
durmg bospitalization although tad been present prior te After the development 
the hepatitis, nausea, vomiting, and anorexia were marked, and these 
tuken to expla the elect te disturbance although adequate supples of 
vere the ist month ot lt 
Phe hvpokalemia apparently produced its share of the pathologic change in this patient 
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a tnimals by repeated injections of IEEE by potassium deficient diets (13 
ere TV ts 
neontrolled 
isn enuse for the 
trong 
test strong 
wl } re 
ted tron the severe 
en la tuberculosis 
Los dates clinicos set! | 
os 
currente de orien Viral o 
hist Mi 
Hi patite et hypokalémie dans la tuberculose 
ding 
Putin 
eus, les lésiot luo mvecaurde determinees par in severite ae entounau 
téeret supplement 
REEERENCES 
1) pha leterus in acute miliary tuberculosis: Report of 
euse stimulating leplospirs Am. Rev. Tubere 152, 
Wanrut The occurrence of icterus in tuberculosis, Internat. Clin. 
» M iy. MOM W rary tubereul thee ve \r 
(du ‘ Drowre 20 \ ers iA Na | 
eports of the Veterar Addministration Army N com the 
Ais alsa heray of tuberculos Iu 


THY PORALEMEA 


eid, Am. Re 


matremin in pulmen during treatment with 
streptomeyve 1] Tubere.. 52. 66, 353 
OWSKI ~ \ ‘ coneepts of the role of potassium An } Ned 
7? 
12) P Hypokalemia occurring during para-aminesalieyh eid therap 
Bu Johns Hosp., 1952, 91, 1 
13) Darrow. D. \l en. HE The production of ecardiae lestons | repeated 
15) WO Perse IO 


Notes 


THE SURGICAL PATHOLOGY OF ISONIAZID-TREATED 
PULMONARY TUBERCULOSIS 
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through the center of the 


Fora brief period of time, a group of tuberculous this hospital Tor 
ection at il heal been olanned were treated preoperat ‘ yitl ! Z 
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ipparent partial dissolution of the collagen. The linings were almost mvariably composed 


ofa zone of hyperemic or hemorrhagic granulation tissue which was massively infiltrated 


with Ivmphoeytes and plasma cells. An ill-defined zone of epithelioid cells and giant cells 
Was present frequently, The contents of the cavities consisted of pink precipitated fluid 
flowded with polymorphs as well as ervthroevtes. Only small eroded patches of easeous 
material oceasionally remained. Large encapsulated cuseous nodules exhibited a) similar 
marked tendency to Svnevtial masses of mononuclear cells and giant 
cells not infrequently proliferated within or peripheral to the fibrous expsules of old ne 
erotie or hvalinized tubercles 

The protective effect of isoniazid in experimental tuberculous infections of miee was 
demonstrated by Grunberg, Leiwant, D’Ascensio, and Selinitzer®. and in guiness pigs ane 
rabbits by Steenken and Wolinsky’. Karlson and Feldman‘ found that isoniazid effeeted 
healing of established progressive tuberculosis ino guinen pigs, in contrast to the pesult- 
with streptomvein. Patients who have large cavities and easeous foci in the lungs sre not 
ideal subjects on which to test the effectiveness of antituberculous drugs, as was pomted 
out by Clark, Elmendorf, Cawthon, Muschenheim, and MeDermott®. These authors 
demonstrated « strong healing effeet of isoniazid in uncompleated human miliary tubs 
culosis and in certain cases of tuberculous meningitis. The effectiveness of isoniazid 
peared equal or even slightly superior, to that of streptomivein 

The patients in the present study who received only isoniazid exhibited little ey 
of healing, probably beeause of the advanced nature of the disease. Only if the drug 
to penetrate all areas of tuberculous tissue and destroy all bacilli within a short tine 
might complete healing be antic pated. The presence of cavities, exseous foei, broneho 
genie nodules, and obstructed bronchi almost ensures the survival of some tuberele bes 
during the period of chemothes ipv. Nevertheless, beeause of the consistent oecurrer 
of the lesions deseribed, isoniazid ippeared to produce «a definite effeet in modifving 
tissue reactions in pulmonary tuberculosis. This observation also correlates with elinis 
observations®. Selikoff and Robitzek? recorded the closure or the decrease in size of tube: 
culous cavities in 35 of 95 patients who were treated with isoniazid 

Soltenmge of caseous material may occur spontaneously in untreated tubereulosis. As 
Rich stated, neither the cause nor the mechanism of this process is understood at present 
In his experience, as in these cases, polymorphs were invariably present in freshly softened 
easeous tiaterial and they perhaps played a role in its development. The number of baer 
in such softened material is greater than in solid casented tissue. In 3 cases of this serie S, 
in which the contents of the cavities was studied bacteriologically. bacilli: were present 
and the disease was reproduced in guines pigs whieh were inoculated. Cultures of the nia 
terial, however, were negative for M. tuberculosis. Histologic study throws no light on 
the problem whether the bacteria reproduce because of more favorable growth condi 
tions existent in softened material or whether proliferation of bacteria eauses the soften 


ing. In either ease, if Hhquelaetion of caseous material proves to be the rule in isoniazid 
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ant. One possibility is that 
simultaneous! with the release of quantities of 
hereulo-lipids wl formation of foreign-boady giant cells. Beenuse the 
rranwement of some vl Hs suggested impertect tubercles, the it 
heation of baeidh pl iusative role in this cellular response cannot be ey 
Pubercle bacilli are knows be less numerous in hard tubercles where guint 
re plentiful than mm solt tubercles where yinnt cells are tew Phe existenee of 
veal giant cells, therefore, may not neeessarih indieate imeffeetiveness of the drug 
the ct tov 
Since tubercle bacilli resistant ise ninzid are frequent oecurrence as the 
ive most) probaly iberated from fined) positions in caseous material 
treatment, chemotherapy solely with isoniazid may be hazardous 
usioOn is » borne out by the work of Joiner and his associates,” who found that 
wid had «a benefreil climesal effeet pulmonary tuberculosis in the first three to 
veeks of treatment but that, during the next few weeks, deterioration ensued and was 
isoeinted with the exeretion in the sputum of resistant straims of WW tuberculosis, “Con 
natients who were treated with streptomyvern in vwidition to exhibited 


miprovement whieh. however, was maimtumed to the end of the emhteen- week 


of study. The number of our patients who received streptomvein or pyrazinaniice 


vith isoniazid was too small to permit conclusions concerning the effectiveness of 
of intituberculous clrugs but in these cases the imeidence of the 
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Report of Interim Committee on Diagnostic Standards 


ni Committee on Diagnostic Standards met in New York City Decemb 
to diagnostic standards which had been obtaimed 
duals by members of the committee were discuss 
the committee regarding tenis of current 
ittached we his be published in THe Amenioan Review or 
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KECOMMENDATIONS OF THR INTERIM COMMITTER ON DIAGNOSTIO STANDARDS 


The Committee on Dingnostic Standards has been mformed of sone questions whiel 


have been ramsed regarding the LOO edition. Claritieation of these would seem to be in 
ty 


order, All are advised to read the entire introduction written so wisely and clearh 


Dr. Esmond Ro Long, the last paragraph of whieh is as follows 


Needless iqnestic Standards exnnot be looked upon set 


rules 


Rather. as stated in the mtroduetion to the last edition. itis a statement of pri 
ciples and a general guide to be used with such modifientions mm practice as seen 


essentiol should serve to promote common underst meding terms and comeepts 


that would prevail if there were no such document 
on classiftpention 


Phe 1950 edition did mot discuss the possible effeet of chemotherapy 
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It should be poimted out that chemotherapy may mask or throw doubt on the exnet 


teriologieal status of secretions and excretions obtamed trom patient \ stutement 
issued by the Committee on Therapy Tor Amertean Review oF Lost- 
January, 1952, 65> 1000 suggested that a period of two or three months should elapse 
itter chemother ip tis heen discontinued before a final evaluation of the aetivity of the 
lixeuse, based on cultures, is mide provisional classification be made when a 
pratient rece ne or has recently received chemotherapy. However, the word “cheme 
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THE LAENNEC SOCIETY OF PHILADELPHIA 
The Laennec Society of Philadelphia awards an annual prize of $200.00 for the best 
paper submitted in any field related to diseases of the chest. This prize is open to under 
graduates, interns, residents, or Fellows throughout the United States The work should 


be original and not a review of literature or of previous contributions. The Society does 
not reserve the right of publication but requests that the prize-winning paper be presented 
at one of its regular scientific meetings. 

Five copies of the manuscript should be submitted in the customary form for publica- 


tion, i.e., double-spaced and with wide margins. They should be in the hands of the 
Secretary of the Society, Dr. Charles M. Norris, 3401 North Broad Street, Philadelphia 40, 
Pennsylvania by October 1, 1953 


NEWS ITEM 


Dr. Max B. Lurie, Associate Professor of Experimental Pathology at the Henry Plipps 
Institute, University of Pennsylvania, was recently Claude Bernard Lecturer at the 
University of Montreal. He delivered a group of lectures before the Institute of Experi 
mental Medicine and Surgery and before the Institute of Microbiology of the University 
on April 28, 29, and 30, and was the 1953 recipient of the Claude Bernard Medal which 
is awarded periodically by the Institute. 

Dr. Lurie discussed the nature of genetic resistance to tuberculosis, the role of sex 
hormones in resistance, the effect of cortisone and ACTH on the pathogenesis of tube 
culosis, and the nature of acquired resistance in the light of hormonal influences on native 
resistance 

Dr. Lurie’s work is supported, in part, by a grant-in-aid of medical research from the 
National Tuberculosis Association 
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Obituaries 


MARC DANIELS 
1907-1953 


Medical research all over the world, and particularly that part of it interested in tu- 


berculosis, suffered a great loss when Dr. Mare Daniels died on March 3 in West 
minster Hospital, London. In collaboration with Professor A. Bradford, Hill he instituted 
the first scientific control studies on streptomycin in human beings when he was put in 
charge of the streptomycin research project sponsored by the Medical Research Council 
in 1946. That he should be chosen for this work was a natural result of the earlier demon- 
stration of his abilities as a member of the team which carried through the Prophit Survey 
of the Royal College of Physicians on the incidence of tuberculosis among young adults. 

The studies on streptomycin and other drugs introduced later led to many important 
reports, among which were “Streptomycin Treatment of Tuberculosis” (1945), ‘Treat- 
ment of Pulmonary Tuberculosis with Streptomycin and PAS” (1950), “Prevention of 
Streptomycin Resistance by Combined Chemotherapy” (1952), and ‘Isoniazid in Treat- 
ment of Pulmonary Tuberculosis” (1953). In 1948 Dr. Daniels visited the United 
States as a member of the World Health Organization Committee on Streptomycin. 

Dr. Daniels was also secretary of the Medical Research Council’s Tuberculin Survey 
Committee and its Tuberculosis Vaccines Clinical Trials Committee and had the main 
responsibility for developing and coordinating the current large-scale studies of BCG and 
vole bacillus vaccines among 50,000 “school-leavers” in several areas of England. 

Dr. Daniels was born in Cairo in 1907. He returned to Manchester in 1912 with his 
parents and had planned to join his father in the textile business. He left this to study 


medicine in Paris and took his M.D. degree there in 1936. He later earned the London 
University Diploma in Public Health at the London School of Hygiene and Tropical Medi- 
cine. In 1945 and 1946 he served as a tuberculosis consultant for UNRRA in Italy, Poland, 
Czechoslovakia, Austria, and Germany. He became a member of the Royal College of 
Physicians in 1948 

Dr. Daniels was married to Anne Burgess in 1940, and to Kay Graw in 1949. Two 
daughters are now aged 8 and 11 


KURT J. JESSNER 
? -1951 


Dr. Jessner, born in Germany, obtained his undergraduate and medical training in that 
country, the latter in the University of Kiénigsberg and Munich in 1914. After extensive 
hospital experience and a five-year term in the German Army, he practiced medicine for 
twenty years there, when he emigrated to this country for two years of work at Sea View 
Hospital and subsequent terms as resident physician in the State Sanatoria of Maine 

Dr. Jessner died suddenly in his automobile (coronary thrombosis) at Waterville, 
Maine, May 14, 1951 


OSCAR LOTZ 
1880-1953 


Long in the ranks of laboratory workers, Dr. Oscar Lotz died in January, 1953, in Mil- 
waukee, where for years he had been executive Secretary of the Wisconsin Antituberculo- 
sis Association 
14 
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Dr. Lotz obtained his early education in Milwaukee and his medical training at the 
University of Pennsylvania, from which he was graduated in 1905. He served on his State 
Board of Medical Examiners from 1918 to 1924, was elected vice-president of the Mis- 
sissippi Valley Trudeau Society in 1943, and president of the Mississippi Valley Con- 
ference on Tuberculosis in 1948, 

His interest in tuberculosis led him to champion rehabilitation services in sanatoriums, 
sponsor health education efforts in the schools, and to obtain a state law providing free 
treatment for the tuberculous. His efforts contributed materially to the better treatment 
of patients with tuberculosis. 


WALTER G. ALEXANDER 
1880-1953 


Dr. Walter G. Alexander died at his home in Orange, New Jersey, on February 5, 
1953. Born in Lynchburg, Virginia, December 3, 1880, he graduated from the Lincoln 
University, magna cum laude, and the College of Physicians and Surgeons, Boston, Mas- 
sachusetts, in 1903. He has practiced in Orange, New Jersey, since 1904. In 1939, he re- 
ceived the honorary degree of Doctor of Humane Letters from Lincoln University. 

Dr. Alexander was active in medical, civic, and social welfare, and in polities. In 1907, he 
organized the North Jersey Medical Society, and in 1909 was co-founder of the Journal of 
the National Medical Association, which he served as president for a number of terms 
He was also a member of the Essex County Medical Society, Essex County Tuberculosis 
League, and the Medical Society of New Jersey. He was a member and vice-president of 
the State Board of Health. He organized the New Jersey State Medical Association in 
1939, and was one of the organizers and former vice-presidents of the New Jersey Urban 
League. He was a member of the New Jersey Tuberculosis League and became its presi- 
dent, in which capacity he served at the time of his death. 

Dr. Alexander has served as county committeeman in Essex County and as a member of 
the State Assembly, where in 1921 he was speaker of the House of the Assembly 

Among his awards are: The 1944 Distinguished Service Award of the National Medical 
Association—an award from the New Jersey State Medical Association for distinguished 
service in the field of public health; and in 1952 the Junior Leaguers of Newark named him 
the “Citizen of the Year” and awarded a four-year scholarship in his name 

Dr. Alexander was one of the rare people in the world who had vision, purpose, and 
ideals and won the love and respect of all who knew him. 
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CLINICAL STUDIES, TUBERCULOSIS 


Relapse in Pulmonary Tuberculosis. 
Patients hospitalized at the French Student 
Sanatorium were selected if they subsequently 
remained free from relapse for at least ten 
years. Between 1933 and 1941, there were 
1,145 students discharged from the sanatorium; 
943 were men and 202 women. The average 
age was 22 years. Of 1,056 patients con 
stituting material for the study, 89 (8.4 per 
cent) were lost from follow-up or followed for 
less than ten years; 66 (6.2 per cent) died of 
tuberculosis after the initial episode; 16 
(1.5 per cent) died of other causes; SSS (55.7 
per cent) had multiple reactivations of pul- 
monary tuberculosis (“relapse group’’); 297 
patients (28.2 per cent) had one episode of 
active tuberculosis and remained without 
relapse for the following ten years. This group 
without relapse was comparable to the re 
maining patients in regard to sex, age, and 
family history of tuberculosis. Associated 
extrapulmonary tuberculosis was less frequent 
in the group without relapse, 9.4 per cent as 
compared with 22.1 per cent among the re- 
maining patients. The status of the patients 
on admission was correlated with the subse 
quent course: constitutional symptoms were 
of little prognostic significance and weight 
loss played no role. Fever was perhaps an 
unfavorable factor; it was present in 59 per 
cent of the patients without relapse as com 
pared with 66.5 per cent among the other 
patients The incidence of rales was lower in 
the group without relapse (66 per cent versus 
76 per cent The presence of tubercle bacilli 
in the sputum after admission had no prog 
nostic significance. The frequency of positive 
sputum was 86.5 per cent in the group with 


out relapse and 86 per cent among the re- 


maining patients. The different stages of 
pulmonary tuberculosis were found in almost 


equal proportion in the group without relapse 


and among the remaining patients; minimal 
tuberculosis, 28.6 per cent versus 31.7 per 
cent; moderately advanced tuberculosis, 48 
per cent versus 47.2 per cent; far advanced 
tuberculosis, 23.4 versus 21.1 per cent. Thus, 
the risk of relapse did not depend on the 
stage of disease. These figures demonstrate 
in particular the instability of minimal lesions 
The presence or absence of cavitation showed 
no correlation to subsequent relapse; cavitary 
tuberculosis was present in 63.2 per cent of 
cases without relapse and in 57.4 per cent of 
the control cases. Subclavicular cavitation 
was more favorable than apical cavitation. 
Cavity size was significant since small cavities 
were present in 56 per cent of the group 
without relapse and in 41.8 per cent of the 
remaining patients. The tendency towards 
roentgenologic progression before institution of 
collapse therapy could be determined in 199 of 
the 297 patients without relapse: 55 (27.7 
per cent) of these showed worsening as com 
pared with 39.4 per cent in the relapse group 
Strictly unilateral lesions were seen in 69.7 
per cent of the patients without relapse and 
in 55 per cent of the remaining cases. All 
these data confirm the impossibility of pre- 
dicting the probability of relapse. For evalu 
ating the role of treatment, this study covering 
the years 1933 to 1941 is dated. Only the 
influence of a simple sanatorium regimen and 
of pneumothorax were analyzed. The duration 
of the stay in the sanatorium was unrelated 
to the incidence of relapse ; the mean duration 
was 9.6 months in the patients without relapse 
as compared with 10.3 months in the group 
with multiple relapses. Pneumothorax was 
induced in 65.8 per cent of the patients without 
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relapse and in 41.2 per cent of those with 
relapse. Minimal treated with 
pneumothorax was responsible for 5.8 per 
cent of relapses as compared with 53.8 per 
cent and 40.4 per cent in the moderately 
advanced and far advanced cases. The interval 
between the diagnosis of active tuberculosis 
and the induction of pneumothorax showed 
no correlation with subsequent relapse. In 
spite of the evident early beneficial result of 
intrapleural pneumonolysis, there was no 
significant influence on long-term results and 
prevention of relapse, especially after re- 
expansion. Among 199 effective pneumothorax 
cases, fewer relapses were observed in the 
group which showed effective collapse in the 
first six months. Patients with collapse of 
more than four years’ duration had a lower 
relapse rate. The over-all estimate is that 7 
of 10 patients in this rather privileged group 
had more than one episode of active pul- 
monary tuberculosis. However, more than 50 
per cent of patients had an ultimate favorable 
outcome after two or three relapses.—Ftude 
de 297 cas de tuberculose pulmonaire restés 
sans rechute pendant dix ans ou davantage, 
D. Douady, R. Cohen, & P. Ezra, Rev. de 
la tuberc., 1952, 16: 940.—(V. Leites) 


tuberculosis 


Cavitary Tuberculosis.—In Eastern Nor- 
way, 529 patients with cavitary tuberculosis 
were studied to determine when pulmonary 
cavitation first appeared after primary in- 
fection. The time of first infection was deter- 
mined chiefly by the appearance of a positive 
Pirquet reaction. After tuberculous infection 
in childhood, the first cavity always appeared 
late. It usually became visible at 17 to 26 
years of age, but there was a marked distribu- 
tion of cavity appearance throughout adoles 
cence and adulthood. First infections acquired 
at 18 to 20 years of age or later tended to 
cavitate early. In fact, 50 per cent of all first 
cavities produced by such infections appeared 
within two and one-half years after infection. 
The number of late cavities after childhood 
infections was so large as to suggest a more 
grave prognosis than that now given them. 
The comparatively low incidence of cavita- 


tion following first infections after 30 years 
of age appears to prove that such infections 
are far less dangerous than first infection 
acquired a decade earlier.—The first appear- 
ance of a pulmonary cavity after primary 
infection with relation to time and age, R. 
Dahl, Acta tuberc. Scandinav., 1952, 27: 140. 
—(K. T. Bird) 

Primary Tuberculosis.—Continuous and 
frequent culturing of secretions in primary 
tuberculosis is desirable. of the so- 
called clinically recovered patients intermit- 
tently discharge minimal quantities of tubercle 
bacilli for long periods. Inflammation and 
caseation with perforation of the peribronchial 
lymph nodes into the bronchial lumen are of 
great importance in this condition. Bron- 


Some 


choscopic examination may show clear signs 
of such perforation. Pathologic examination 
of resected confirm this 


specimens may 


possibility in the absence of bronchoscopic 


findings. Another source for persistent posi- 
tive secretions after childhood tuberculosis is 
tuberculosis of the bronchial walls or caseous 
softened foci. The 
factory results of conservative therapy often 
indicate pulmonary resection.—Persistent ez- 
cretion of minimal quantities of tubercle-bacilli 
in primary lung-tuberculosis and its treatment 


parenchymal unsatis- 


by means of pulmonary resection, C. Dijkstra, 
Acta tuberc 1952, 26: 218. 


(K. T. Bird) 


Scandinat 


Natural History of Tuberculomas.—Tuber- 
culomas of the lung are solid caseous foci 
representing undrained tuberculous abscesses 
filled with inspissated caseous material from 
bac illi 
large numbers although the term has been 


which tubercle can be recovered in 
applied to other pulmonary lesions. Physical 
signs are absent and the sputum is negative. 
Of a total of 23 tuberculomas in 18 patients, 
11 either calcified or showed no change, 5 
enlarged, 4 ecavitated, and an additional 3 
cavitated with bronchogenic spread. Resec- 
tion of the affected section of the lung carries 
practically no mortality and does not sacrifice 
an appreciable amount of tissue; it seems to be 
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the treatment of choice for these solid lesions 


Furthermore, differential di: 


gnosis from pe- 
ripheral carcinoma is difficult and the correct 
diagnosis of carcinoma may become evident 
only when cure has become impossible. 

The natural history of so-called tuberculomas, 
Grenville-Mathers, J. Thoracic 
March, 1952, 23: 251 R. E. 


Surg., 
MacQuigg) 


Serum Iodine in Tuberculosis.— The iodine 
level in the serum, particularly its protein 
bound fraction which can be precipitated by 
alcohol or acetone, is considered a significant 
indicator of the functional status of the 
thyroid. With this in view, the serum iodine 
content was determined in 29 patients with 
these, 10 
had recent, predominantly exudative lesions; 


various forms of tuberculosis. Of 


the serum iodine concentration in 7 of them 
was close to the upper limit of the normal, 
and in 3 of them it was higher than the normal; 
the average value of the serum iodine in this 
100 ml 
range of values of the protein-bound fraction 


group was 7.10 y per The normal 
of iodine, with the technique used, is from 4 
In spite of the 


high iodine values, comparable in some cases 


to 7 y per 100 ml. of serum 


to those found in cases of definite hyperthy- 
had 


tachycardia, and _per- 


roidism, and although a few 
tremor of the hands, 


spiration, in none of these cases was there 


patients 


enough evidence to justify the diagnosis of 
hyperthyroidism. In the second group of 19 
patients with chronic lesions, the concentra- 
tion of the serum iodine was normal or lower 
than normal, and the average value in this 
group was 4.4 y per 100 ml. The mechanism 
of these changes is not clear.—// comporta- 
mento de lla jode mia nella tube rcolosi polmonare . 
C. Ravazzoni & O. Ferrini, Arch. E. Mara 
gliano, May-June, 1952, 3: 519—(L. Molnar) 


Purulent Tuberculous Pleurisy._-Among 
472 performed during a 
period of ten years, 16 patients (3.38 per cent) 
3 died. Of the 3 
received 


pneumothoraces 


developed purulent pleuritis; 
treated 
streptomycin without local drainage and died. 


yatients medically, one 
I 


other 2 patients 


The pleural cavities of thy 
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were drained and washed re peatedly, various 
chemicals being used. One patient is now 
well eight years later; and the other, one 
year later. If six or eight washings produced 
no improvement, other treatment was in- 
stituted. The first of 10 patients treated by 
pleurotomy had a drain in place with con- 
tinuous aspiration for one year and was well 
several years later. The second patient had 
streptomyem and penicillin instilled every 
two days after pleurotomy; the pleurae were 
washed repeatedly and intramuscular strep- 
tomycin and methyl! antigen were used until 
the drain was removed three months later. 
Three years afterward, the patient was still 
well. Four patients refused further surgical 
treatment and are now satisfied and active, 
with their drains still in place. One patient 
died of generalized tuberculosis eight months 
after treatment. In nineteen years no case 
of amylosis was encountered. In 3 other cases, 
pleurotomy was followed by thoracoplasty 
and pleurectomy. One of these patients died; 
In one, thoracoplasty alone was adequate; 
the other developed bronchiectasis, neces 
sitating Three 
should guide the therapy: (/) Treatment 


pheumonectomy. principles 
should be immediate but not unnecessarily 
radical. (2) The underlying lung, rather than 
the pleura, should be considered. (3) As much 
healthy pulmonary parenchyma as_ possible 
should be saved. Pleurotomy is still preferred 
in the early stages and when surgery is con 
traindicated or refused. Prophylaxis of pleu- 
ropulmonary perforation with purulent pleu- 
the Essai 
pleurésies purulentes 


risy is, however, goal sur le 


traitement des tuber 
culeuses avec perforation pleuro-pulmonaire, 
A. Moulis, Poumon, June-July, 1952, 8: 
485.—(M. E. Sano) 

Urolithiasis in Bone Tuberculosis.— Among 
57 female patients discharged with stabilized 
bone tuberculosis from an orthopedic hospital 
in a period of one year, there were 8 cases of 
nephrolithiasis, some of which were asymp 
tomatic and unsuspected until a complete 
urological examination revealed the presence 


of calculi. In 4 cases stag-horn calculi, in 2 
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cases solitary, and in 2 cases small multiple 


stones in the renal pelvis were found. The 
stones were formed of calcium oxalate, cal- 
cium phosphate, calcium carbonate, and 
magnesium phosphate. In 7 of these patients 
the tuberculous process was localized in the 
spine at various levels, and in one case the 
hip was involved. To clarify the mechanism 
by which urinary calculi form in patients with 
bone tuberculosis, the urinary elimination of 
calcium was studied in 79 inpatients suffering 
from bone tuberculosis. The Sulkowitsch 
test for calcium oxalate was strongly positive 
in cases of recent lesions, while in cases of 
older lesions, the results were more often 
negative. In ambulatory patients there was 
practically no urinary elimination of calcium. 
The urinary calcium increased in response to 
the need to bind the free acids as phosphoric 
acid was liberated in bone destruction. A 
close check of the clinical histories of the 57 
patients revealed that 44 (63 per cent) had 
urinary findings ranging from the transitory 
presence of abundant leukocytes in the urine 
to transient hematuria, cystitis, pyelitis, and 
various forms of kidney The 


incidence of pathologic urinary findings was 


tuberculosis 


even higher among 30 inpatients with bone 
tuberculosis after an average period of com- 
plete bed rest of eleven months. It is likely 
that the high incidence of nephrolithiasis in 
bone tuberculosis is due, in addition to blood 
chemistry changes, to the need for complete 
bed rest in a horizontal position which favors 
precipitation of the crystalloid components 
of the urine. The 
further favored by the deposit of organic 
material resulting from latent inflammatory 
often 
parenchyma 


formation of calculi is 


processes, which are tuberculous, in 
the kidney Nephrolithiasis 
should therefore be considered as a specific 
complication of osteo-articular tuberculosis, 
and measures of prevention of stone formation 
should be part of the treatment of bone tuber- 
culosis.— Skelettuberkulose und  Harnstein- 
bildung, W. Schulze, Deutsche med. Wehnschr., 
October 24, 1952, 43: 1313.—(L. Molnar) 
Gastric Tuberculosis.—Three cases of gas- 
tric tuberculosis and one of chronie gastric 


uleer secondarily infected by tuberculosis 
were proved histologically. The 3 tuberculous 
ulcers were distinctly different from the usual 
gastric ulcer in their chronicity, their great 
extent, and their lack of fibrous reaction. They 
were characterized by massive tissue destruc 
tion producing large, deep craters with in- 
volvement of the regional lymph nodes. In 
gastric tuberculosis there was no distinctive 
radiologic picture. Symptoms 
after meals, epigastric dis 
comfort, The 
roentgenologic examination usually suggested 


clinical or 
included pain 


vomiting, and weight loss. 
peptic ulcer, gastric syphilis, or carcinoma 
Among a total of 49 cases, including 46 
compiled from the literature, the radiologic 
appearance has been predominantly hyper 
plastic in 38 and predominantly ulcerative in 
11. The ulcers were generally penetrating 
with smooth margins and rolled edges; 73 
per cent of them were located in the pars 
media. Of the hyperplastic lesions, 85 per 
cent occurred distal to the incisura angularis 
It is suggested that streptomycin be used in 
adequate dosage as a therapeutic test and for 
treatment of the lesion once the diagnosis is 
Tuberculosis of the stomach, W. 

Steinbach, & E. Lowenhaupt, 
1952, 58: 808.—(W. J. 


established 
Gaines, H. L 
Radiology, June, 
Steininger ) 


Recurrent Tuberculous Pericarditis.._Un 
complicated primary tuberculous pericarditis 
The “clinically 
primary tuberculous pericarditis” 
used for that form of the disease in which 
active tuberculous lesions could not be demon- 


is considered rare term 


has been 


strated elsewhere in the body at the onset of 
symptoms. The authors’ case may properly 
be included in this classification although it 
differs from previously reported cases in that 
the patient experienced recurrent attacks of 
severe chest pain. The close similarity be 
tween such cases and the vague group of con 
ditions called 
serofibrinous pericarditis secondary to acute 


acute benign pericarditis, 


pharyngitis, and acute nonspecific or cryptic 


pericarditis suggest that these conditions may 
The 


acute 


sometimes be tuberculous pericarditis 


important distinguishing features of 
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benign pericarditis are its occurrence in 
healthy young adults, its appearance follow- 
ing an upper respiratory tract infection, elec 
trocardiographic changes of acute pericarditis 
which revert to normal within a period of one 
to six weeks, and frequently recurrent at 
tacks. All of these features were present in 
the current case, indicating that bacteriologic 
evidence may be the sole means of differen 
tiating the two conditions. Culture of a peri- 
cardial biopsy revealed Mycobacterium tuber- 
culosis in this patient. Pericardial biopsy 
should be considered in all instances of peri- 
carditis which run a protracted course and in 
which Recurrent 
tuberculous pericarditis, R. C. Janovsky, J. F. 
Boettner, H. S. Van Ordstrand, & D. B. 
Effier, Ann. Int. Med., December, 1952, 37: 
1268.—(T. H. Noehren) 


the etiology is obscure 


Genitourinary Tuberculosis.Urinary tu- 
berculosis is a focal manifestation of a general 
disease and treatment must be both general 
and local. Frequency of micturition, associated 
with pyuria and an absence of pyogenic or- 
ganisms should be regarded as tuberculous in 
origin until examinations of the urine by 
smear and culture or guinea pig inoculation 
prove negative for acid-fast bacilli. Urinary 
tuberculosis demands prolonged sanatorium 
care and surgical extirpation where possible. 
No known chemotherapeutic agents, alone or 
in combination, can be depended upon to cure 
With such 


negative for 


or control an established focus 


agents, urine can be rendered 
tubercle bacilli but, in most instances, only 
temporarily; mild secondary cystitis and su- 
perficial bladder ulceration generally respond 
so that the symptoms improve; as an ‘“um- 
brella” for nephrectomy, partial nephrectomy, 
or epididymectomy, streptomycin probably 
prevents hematogenous dissemination and 
sinus formation. At present, treatment con- 
of 0.5 gm 
morning total of 40 


Simultaneously p-aminosalicylic acid (PAS), 


sists of streptomycin in doses 


and night to a gm 
20 gm. daily, is started and continued for six 
months or longer, depending on the response 
Because streptomycin therapy increases the 
tendency to cicatrization, the drug should be 


withheld in the following circumstances: (/) 
urinary tuberculosis associated with advanced 
bilateral renal lesions or an advanced lesion 
in a solitary kidney; (2) a severe constriction 
at the uretovesical junction, or a well-marked 
stricture of the ureter, particularly when «as 
sociated with a single kidney; and (3) severe 
secondary cystitis associated with marked 
bladder contracture. Surgery must be under- 
taken only when the patient has reached the 
optimal condition likely to be achieved by 
sanatorium care, and it must be followed by 


prolonged rest and treatment to avoid recur 


rences. In tuberculous cystitis, when the 
ulceration is deep and interstitial changes 
develop in the bladder wall, streptomycin and 
PAS must be withheld to avoid increasing 
fibrous contracture since this process is ir- 
reversible. The life of a patient so affected 
may be prolonged, and perhaps saved, by 
diverting the urinary stream. Since at least 
half the cases of genital tuberculosis result 
from renal sources by direct spread through 
the urogenital tract, the urinary tract of each 
patient with chronic epididymitis must be 
completely investigated. When a focus is found 
in the kidney, nephrectomy and possibly ure 
terectomy, followed by sanatorium treatment, 
may arrest the disease but 
epididymectomy will be required in addition 

Treatment of tuberculosis of the urinary tract, 
W. W. Galbraith, Brit. M. J., November 1, 
1952, No. 4791: 953.—(E. A. Riley) 


in some cases 


Small Intestine in Tuberculous Perito- 
nitis.—Each of 3 cases of proved tuberculous 
peritonitis with small intestine pattern dem 
onstrated by the barium meal before, dur 
ing, and after therapy with streptomycin 
showed an abnormal roentgenographic ap 
pearance of the small intestine. Prominent 
among the changes were delayed motility, 
segmentation of the barium meal, loss of the 
normal outline of valvulae conniventes, and 
dilatation of segments. Early in the course 
of the disease these roentgen changes may be 
The 


motor function were seen to resolve in the 


absent changes reflecting disordered 


small intestinal pattern and to be within 


normal limits following treatment with strep 


‘ 
5 


tomycin. These changes paralleled the symp- 
tomatic return of the patient to normal 
(Author’s summary).—Roenlgen appearance 
of the small intestine in tuberculous peri- 
tonitis before and afler streptomycin therapy, 
J. T. Bracken, Jr., J. M. Miller, & W. H. 
Bell, Am. J. Roentgenol., December, 19652, 
68: 887.—(T. H. Noehren) 


Collapse Therapy in Older Patients.— 
Study of 5,000 cases showed that tuberculous 
patients 50 years old and those 30 years old 
react differently to collapse therapy even 
when they have substantially the same type 
of lesions. Healed tuberculosis frequently is 
reactivated as the first manifestation of the 
physiologic changes occurring with increasing 
age; 80 per cent of the lesions are apical. 
Within five years, 75 of the older patients 
died. Since 1951, the older patients have been 
treated with 1 gm. of streptomycin one day, 
then 10 gm. of p-aminosalicylic acid (PAS) 
the next two days. This regimen avoids 
intolerance to PAS and delays streptomycin 
resistance. After the patients had been 
afebrile for one month, collapse therapy was 
instituted. Of the 108 cases, 21 per cent had 
adhesions which prevented pneumothorax; 
50 (46 per cent) had to be abandoned early; 
only 15 (14 per cent) were satisfactory. No 
fatal air emboli occurred. Thoracoplasty was 
performed in 52 instances, with 38 complete 
recoveries; 5 patients developed further 
lesions; 8, while still carriers, were stabilized. 
In 11 cases, Lucite was used. One of these 
patients died of anoxemia; the others are 
convalescent and treatment is too recent to be 
evaluated. Phrenectomy, done in 2 instances, 
was discouraging, as was pneumoperitoneum. 

-Le collapsus de la tuberculose des quinqua- 
génaires, J. Bérard, Ode, & Moulin, Poumon, 
June-July, 1952, 8: 471.—(M. E. Sano) 


Treatment of Air Embolism.— A 36-year-old 
man became comatose and ceased to breathe 
during the induction of pneumoperitoneum. 
The typical churning “millwheel’” murmur 
of air embolism was heard over his precordium. 
The head of the patient was lowered and the 
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patient was turned onto his left side. Oxygen 
therapy by mask was started and 3 ampules 
of 25 per cent nikethamide solution were 
injected intravenously. Approximately forty 
seconds after the patient was turned on his 
left side he began to make some jerky respira- 
tory movements. Shortly afterwards, the 
“millwheel” murmur could no longer be heard. 
An attempt to aspirate air from the right 
side of the heart was unsuccessful. The 
patient recovered without cardiac or cerebral 
injury. It is believed that the patient’s life 
was saved by turning him on his left side, 
thus relieving the “air trap’”’ in the right 
ventricle —Successful treatment of air em- 
bolism, J. E. Musgrove & R. E. MacQQuigg, 
J.AM.A., September 6, 1952, 150: 28.— 
(H. Abeles) 


Simple Excision in Pulmonary Tuberculo- 
sis.—Local excision of diseased areas, usually 
with disregard for the segmental anatomy of 
the lung, was used to treat 30 tuberculous 
patients. One group of 4 patients had minimal 
disease without tubercle bacilli in repeated 
cultures, 16 had moderately advanced, and 
10 far advanced disease on admission to the 
hospital. None had positive cultures of sputum 
or gastric contents for many weeks or months 
prior to surgery although most had had re- 
peated positive cultures or smears early in 
the course of chemotherapy. After palpating 
the lesions the pleura was excised a short 
distance beyond the disease area which was 
excised en bloc. Bleeding points and bronchial 
leaks were sutured. Usually the large bron- 
chus at the apex of the wedge was normal and 
easily ligated. In most instances no effort was 
made to pleuralize the raw surface or to close 
the defect. No postoperative tuberculous 
complications arose and, as a rule, the post- 
operative course was benign, although these 
early results can give only part of the picture. 
In the discussion, Welles and Medlar showed 
that many supposedly encapsulated lesions 
have bronchial connections which are ap- 
parent if sufficient sections are taken. Head 
pointed out that 85 per cent of patients 
discharged as arrested are well for five to 


ao: 
hid 
ay 


ten years later. Ryan, in closing, stated that 
the relapse rate for all patients with minimal 
tuberculosis the Trudeau 
Sanatorium in the past seventeen years was 


discharged from 
more than Simple excision in 
the treatment of pulmonary tuberculosis, B. J. 
Ryan, E. M. Medlar, & E. S. Welles, J. 
Thoracic Surg., April, 1952, 23: 327.—(R. E. 
Mact)uigg) 


30 per cent 


Pneumothorax Empyema.—()f 48 cases of 
late 


occurred immediately 


due to 
or shortly after dis- 
In 13 cases a serofibrinous 


empyema pneumothorax, 22 
continuing refills 
effusion formed after re-expansion and rapidly 
developed into empyema; the duration of 


effective collapse without fluid had been 
six to ten years in these cases. In 2 cases 


tuberculous empyema was the result of hemor 
rhagic effusions appearing after re-expansion; 
in these patients pneumothorax had been 
maintained for six and seven years, respec- 
tively. In 5 cases of pneumothorax of four to 
eleven years’ duration, empyema developed 
after re-expansion without any demonstrable 
preceding serofibrinous or hemorrhagic phase. 
In one case post pneumothorax empyema Was 
due to microorganisms other than M. tuber 
another no causative 


culosis, in organisms 


could be found on repeated cultures. In 25 
cases empyema developed one to sixteen 
years after re-expansion; 13 resulted from 


serofibrinous effusions persisting for several 
years after discontinuation of pneumothorax, 
6 were due to M. tuberculosis, and 6 to other 
microorganisms. Late empyema due to hemor 
two to 


rhagic effusion was seen in 3 


after 


eight years re-expansion. Empyema 
without a preceding serous stage developed 
in 10 cases two to seven vears after re-expan 
sion. Of all 48 cases, 25 were considered cured 
at the time of writing: intermittent or con 
tinuous aspirations were done in 4 patients; 
4 others had thoracoplasty as well as aspira 
tions of fluid; 15 had thoracoplasty, pleuree 
tomy, and aspirations. In 7 other patients 
there was considerable and lasting improve- 
ment with the above treatments. There were 


9 deaths: 3 were due to other tuberculous 
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involvement, 6 to lack or 
ruption of treatment. The prevention of late 


premature inter- 


tuberculous empyema lies in avoiding pleural 
thickening and inexpandable lung by judicious 
management of refills and shortening of the 
duration of 
Les épanchements pleurauxr tardifs des pneu- 


pneumothorax if necessary 
mothorax longlemps entretenus, A. Bernou, 
J. Tricoire, & G. Blandin, Rev. de la tuberc., 
1952, 16: 969.—(V. Leites) 


Segmental Pathology. Cavities, which on 
routine postero-anterior chest roentgenograms 
in an area delimited by the apex and by a 
horizontal plane passing through the posterior 
extremity of the sixth rib, were located in the 
apical or posterior segments in the right lung 
or the apicodorsal segment in the left lung 
in 85 per cent of 200 cases studied by tomog- 
raphy this hest 
seen at the 8 and 6 em. levels when the exami- 


The cavities in area were 
nation was made in the reclining position 
This knowledge may save film by limiting 
the 6 and 8 


em. levels when a single cavity is in that 


tomographic examination to 


Praktische Konsequenzen der Segment- 
Veh, Fortschr. a. d. Geb. d Rént- 
1952, 76: 718.—(L. Molnar) 


zone 
lehre, W 
genstrahlen, June, 
Hydrocortisone and Tuberculin Reaction. 
It was shown in & patients that the tuberculin 
can be in 
the local 
injection of hydrocortisone. When the inflam 


type of inflammatory response 


hibited to a significant degree by 
matory reaction was severe, no inhibition 
was produced by the amount of hydrocorti 
sone used Inhibition of tuberculin reaction 
by local injection of compound F, L. Goldman, 
R. H. Preston, E. Rockwell, & J. Baskett, 
J.A.M.A., September 6, 1952, 150: 30 


(HT. Abeles) 


CLINICAL STUDIES, NONTUBERCULOUS 
DISEASES 


Effects of ACTH and Cortisone on Sar- 


coidosis.—Fifteen patients exhibiting a broad 
variety of the manifestations of active 
sarcoidosis were treated with one or more 
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courses of corticotropin (AC ‘TH) or cortisone 
Of the 15, 8 were women and 7 men; 10 were 
The average age 
The 


weeks to 


Negroes and 5 were white 
was 33, ranging from 14 to 5S years 
duration of four 
A biopsy which was positive for 
obtained in 14 


the disease was 
six years. 
sarcoidosis was patients. 
Roentgenograms showed chest lesions com- 
patible with sarcoidosis in 12 of the 15 pa- 
tients. Of 12 patients studied for rarefaction 
in the bones, 3 had lesions. Skin tests with 
Old Tuberculin were negative in all patients 
at 0.1 mg., although some reacted to higher 
The amount of ACTH or 
administered varied, ACTH frequently being 


In all of the patients 


doses cortisone 
given intravenously 
receiving adequate treatment, the response 
was dramatic with a striking regression of the 
signs and symptoms of active disease. Where 
long-continued active sarcoidosis had pro 
duced extensive fibrosis, however, there was 
The pattern of 
events after stopping treatment varied con- 


little, if any, improvement 


siderably. In some patients a prolonged remis 
sion was obtained; others promptly relapsed; 
and, in the remainder, some manifestations 
remained suppressed while others recurred. 
A few patients have, after a prompt relapse, 
again entered into a period of remission. Of 
11 patients with appreciable weight loss before 
treatment, 8 gained weight during and after 
Fever and tachycardia were re- 
patients. 


treatment 
duced during 
The lesions of acute sarcoid uveitis dramati- 


treatment in all 


cally subsided in 8 patients. Vision returned, 
however, only in those patients with a recent 


onset of severe uveitis, and relapse was 


common. Cortisone ophthalmie ointment 
suppressed the signs of active anterior uveitis, 


retinitis, and subconjunctiva! 
patients. All respiratory symptoms entirely 
during ACTH or 


discontinuing 


nodules in 2 


disappeared cortisone 
treatment; after treatment, 
most of the patients remained symptom-free 
Pulmonary signs also cleared during treatment 
and remained so after treatment, save for a 
transient recurrence immediately after treat- 
ment in half of the patients. Although the 
roentgenographic lesions did not clear com- 


pletely, they did change in 4 patients to a 
degree such that they were not recognizable 
Detailed function 


studies in 7 patients showed that changes in 


as sarcoid pulmonary 
the vital capacity correlated better with the 
changes in the patients’ symptoms, signs, 
than did 
changes in any of the other functional deter 


and roentgenographie findings 
minations. The various skin and subcutaneous 
cleared in 9 of 10 


the lesions gradually reap 


manifestations entirely 
patients. In 5, 
peared after one to nine months; in the re 
maining 4, the lesions have not reappeared. 
Enlarged peripheral lymph nodes were no 
longer felt in 11 of 13 patients during hormonal 
treatment and remained impalpable during 
the post-treatment period in 6. Regression of 
enlarged mediastinal lymph nodes during 
treatment was observed in 10 of 12 patients, 
but the regression was never complete; and 
after 
usually to the degree 
Hepatic 


regressed 


treatment, relapse occurred 8, 


seen before treatment 
enlargement usually 


and splenic 


completely Increased —bromsul 
falein retention was much reduced in 2 pa- 
tients as was the elevated alkaline phosphatase 


activity in 2 


patients. Evidence of liver 
disease returned in most patients, but in no 
instance to the degree seen prior to treatment 
In the 4 patients with uveo-parotid fever, 
the enlarged, nodular parotid glands regressed 
in all to normal size during treatment. In 2, 
there 


after therapy; 


was a partial, transient recurrence 


in the other 2, no recurrence 
occurred. The serum caletum concentrations 
decreased rapidly to normal in 3 patients 
exhibiting hypercalcemia. In all 3, moderately 
severe renal disease was one 
patient studied for a two-year period, during 
which 4 courses of ACTH or cortisone were 


Increased 


present. In 


given, renal function improved 
muscle strength was noted both during and 
after ACTH in a patient with severe muscular 
wasting due to of the 


muscles with sarcoid tubercles. No significant 


extensive seeding 


change occurred during treatment in the 3 
most 


vatients with rarefaction of bone. In 
} 


patients during hormone administration there 
were striking reductions in the erythrocyte 


| 

a 

ne 

a! 
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sedimentation rate, serum globulin concen- 
tration, cephalin-cholesterol flocculation, and 
thymol turbidity. Anemia disappeared in 2 
patients. To date none of the patients has 
exhibited clinical evidence of tuberculosis 
during or after treatment; nor did an increase 
in tuberculin sensitivity develop in the 5 
patients in whom it was determined before 
and after treatment.—The effects of adreno 
corticotropic hormone (ACTH) 
in sarcoidosis, L. E. Shulman, E. H. Schoen- 
rich, & A. McGehee Harvey, Bull. Johns 
Hopkins Hosp., November, 1952, 91: 371. 


(J. S. Woolley) 


and cortisone 


Diffusing Capacity in Pulmonary Sar- 
coidosis.—Serial pulmonary function 
were made on 3 patients with generalized 


tests 


sarcoidosis and extensive pulmonary involve 


ment before, during, and after treatment 
(ACTH). The diffusing 


capacity and the distribution of ventilation 


with corticotre ypin 


and circulation throughout the lungs were 
determined at rest and during exercise in the 
steady state. The maximal diffusing capacity 
was strikingly reduced, indicating impaired 
capillary function because fewer capillaries 
were taking part in gas exchange or because 
the diffusing ACTH 
therapy had little or no effect on the altered 
Distribution of 
ventilation and circulation, as indieated by 


surface was altered 


maximal diffusing capacity 


the ratio of dead space to tidal volume and 
by the ratio of venous admixture to total 
blood flow, was seriously impaired but re- 
sponded to ACTH therapy. The vital capacity, 
maximal breathing capacity, arterial oxygen 
tension and, in 2 of the patients, the chest 
roentgenograms showed consistent and favor 
able changes. ‘Although the roentgenographic 
clearing was remarkable, a general relapse 
occurred shortly after treatment was stopped 
The clinical and physiologic findings in these 


patients were’typical of the “alveolar-capil 
lary block” 
do not cause generalized thickening of the 
the 
alveolar capillaries and hence the diffusing 
surface of the lungs. Furthermore, the diffusion 


syndrome. Although the lesions 


alveolar walls, they reduce number of 
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lead 
across dense collagenous tissue. These changes, 
diffusely the 
interfere seriously with the diffusion character 


pathway may be lengthened or may 


occurring throughout lung, 
istics of the lung as a whole. Physiologically, 
they constitute an “alveolar-capillary block”’. 

Diffuse Diffusing 
capacity during exercise and other lung fune 
tion studies in relation to ACTH the rapy, 
R. L. Riley, M.C. Riley, & H. McD. Hiil, 
Bull. Johns Hopkins Hosp., November, 1952, 
91: 345 (J.S Woolley) 


pulmonar 8a rcoidosis: 


Disseminated Coccidioidomycosis. A 49 
year-old man complained of pain in both feet 
and ankles, in the left shoulder, and backache 
Physical examination revealed an acutely ill 
patient with a temperature of 1O1°F., 
over both lung fields, and swelling and tender 


rales 


ness over the outer surface of the left foot 
This later 
vellowish purulent material. The chest roent 


lesion suppurated, discharging 
genogram showed disseminated nodular lesions 
suggesting miliary tuberculosis. Cultures of 
the suppurating ankle lesion and of the blood 
yielded a rapidly growing fungus. The patient 
died two weeks after admission to the hos 
pital. Microscopic studies of the lungs, liver, 
spleen, peritoneal surfaces, adrenals, pancreas, 
kidneys, and bone marrow from the ribs and 
lumbar vertebrae demonstrated the presence 
of typical spherules of C. immitis with endo 
spores. Geographie history revealed that the 
had 
California while in the Armed Forces 


southern 
The 


fact that positive blood cultures and a positive 


patient spent some time in 


culture from a draining sinus were obtained 
stresses the danger to laboratory personnel 
material.— Disseminated 
coccidioidomycosis: Report of a case in the 
New England area, L. W Falkinburg, 
J.AM.A., Se pte mber 20, 1952, 150: 216 
Abeles) 


in handling such 


Acute Pulmonary Miliary Disease. -The 
roentgenographie finding of diffuse miliary 
lesions in the Jungs occurs in many conditions 
A specific diagnosis is often difficult or impos 
sible to establish. Classifying miliary diseases 
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into acute, subacute, and chronic groups, 
based on the rate of progression or regression 
as seen on the roentgenogram, has been 
useful in diagnosing such cases. Of the 40 
conditions which may cause an acute miliary 
appearance, 24 are exceedingly rare. Clinical, 
laboratory, and roentgenologic examinations 
aid in diagnosing the remaining 16, which 
include miliary tuberculosis, Shigella pneu- 
monia, chickenpox pneumonia, measles pneu- 
monia, blastomycosis, histoplasmosis, acute 
diffuse pneumonia in chronie lung disease, 
bronchiolitis fibrosa obliterans, diffuse miliary 
granulomatous pneumonitis of unknown eti 
ology, primary atypical pneumonia, and 
infectious mononucleosis.— Acute miliary dis- 
eases of the lung, B. Felson, Radiology, July, 
1952, 59: 32.—(W. J. Steininger) 


Cavitary Pulmonary Hodgkin's Disease. 
The prognosis in pulmonary Hodgkin’s disease 
is not so good as that in cases of the same 
disease in other parts of the body, the re- 
ported survival time after the first symptom 
being two to nine years. Of 3 female patients 
with pulmonary Hodgkin's disease with 
cavity formation, one revealed Reed-Stern- 
berg cells in a bronchial smear. In all 3 cases 
the anterior segment of the right upper lobe 
was the site of the lesion; in all, the retro- 
sternal mediastinal glands were involved. 
In one case . the disease spread postoperatively 
to the other lung. The treatment is the same 
as for the disease elsewhere, namely, roentgen 
therapy, nitrogen mustard, or surgical re- 
moval of the localized focus. If a cavity is 
present in the lung and it is possible to remove 
the involved mediastinal glands, lobectomy 
or pneumonectomy followed by irradiation 
and possibly nitrogen mustard seems the most 
logical treatment. If there are necrotic and 
secondarily infected glands in the medias- 
tinum, surgical treatment seems to be of 
little value and in one of the patients reported 
shortened the time of survival. Of the 9 re 
corded cases of Hodgkin’s disease with pul 
monary cavitation, 8 had the process in the 
right lung.—Hodgkin's disease of the lung 
with cavitation, L Efskind & P. Werels, J 
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Thoracic Surg., April, 1952, 23: 377 


(R. E. Mactuigg) 


Pulmonary Arteritis.—Primary pulmonary 
sclerosis is chiefly a sequela of arteritis of the 
small pulmonary arteries. The vascular foci 
in the acute stage of the disease appear on 
roentgenograms as nodular densities irregu- 
larly distributed in the lung fields, but more 
evident at the bases. More extensive shadows 
in the perihilar region are due to perivascular 
edema and infiltrates. The lesions in the acute 
and subacute stage are reversible and their 
resolution may be rapid. The original vascular 
pathology may, in the acute phase, be over- 
shadowed by the presence of areas of infarc- 
tion, infiltrates, and pleural effusion. There 
are no characteristic roentgenologie signs in 
the lungs in the chronic stage of the disease; 
the hilar vessels are enlarged, and the clinical 
course is dominated by chronic cor pulmonale 
as an expression of pulmonary hypertension 
due to vascular obstruction—-Die Réntgen- 
symptomologie der Arteriitis pulmonalis und 
threr Folgezusténde, H. S. Stender, Fortschr. 
a. d. Geb. d. Réntgenstrahlen, March, 1952, 
76: 316.—(L. Molnar) 


First Myocardial Infarction.—The high 
mortality rate in unselected cases of acute 
myoeardial infarction as revealed by crude 
mortality statistics has been responsible for 
considerable caution in the estimation of 
prognosis even in the mildest cases. No data 
in the past have been presented to show the 
actual risk to life in patients sustaining an 
“uncomplicated” first attack; that is, without 
the early advent of serious prognostic signs 
and symptoms. An analysis of 489 “good 
risk” cases in which no serious prognostic 
criteria were observed on the day of admission 
revealed that the mortality rate for this group 
during the period of hospitalization was only 
3.1 per cent. Almost half of the “good risk” 
patients who suecumbed died suddenly within 
the first forty-eight hours. Among “good 
risk’’ patients surviving forty-eight hours, 
the subsequent death rate from cardiovascular 
causes was only 1.2 per cent. Anticoagulant 


‘on 
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therapy, which carries its own mortality and 
morbidity from hemorrhage, is unlikely to 
influence favorably the death rate in this type 
of case. If hospitalization for any patient with 
acute myocardial infarction is deemed neces- 
sary, it should be delayed if possible at least 
forty-eight hours in order to minimize the 
risk to life entailed in transportation. Physi- 
cians as well as the laity should recognize 
that an excellent prognosis exists for the 
“good risk” patient with acute myocardial 
infarction, particularly when survival extends 
beyond the first few days of the attack 
(Authors’ summary). =: 
complicated” first attack of acute myocardial 
infarction, H. L. Russek & B. L. Zohman, 
Am. J. M. Sc., November, 1952, 224: 496. 
(W. J. Steininger) 


Prognosis in the “un- 


Spontaneous Fracture of Sternum.—A 


year-old man with far advanced, active 


pulmonary 
complained of exquisite pain and tenderness 


tuberculosis and severe cough 
over the sternum. Roentgenographic examina- 
tion of the sternum revealed a fracture which 
was attributed to violent expiratory move- 
ments in coughing. No evidence of intrinsic 
bone disease was found and no disturbance 
of calcium or phosphorus metabolism was 
noted. There was rapid and complete healing 
of the sternal fracture.—Spontaneous fracture 
of sternum in tuberculosis, H. E. Bass & M. J. 
Small, J.A.M.A., September 20, 1962, 
150: 209.—(H. Abeles) 


Right Upper Lobe Anomalies.—Two anom 
alies of the right upper lobe illustrate both 
the vascular supply and the distribution of 
subsegmental bronchi. The first anomaly, an 
azygos lobe (lobus venae azygos), demonstrates 
how the mesoazygos is reflected from the 
parietal walls. The mesoazygos is a duplica- 
tion of the costal pleura which sinks into the 
upper lobe from above. It cuts off more than 
the anatomical apex, which lies above the 
inferior border of the first rib. A survey of 12 
specimens from the literature indicates (/) 
that the azygos lobe is aerated primarily by 


mediastinal branches of the apical segmental 


bronchus and occasionally by branches of the 
the 


one 


posterior segmental bronchus, (2) that 
smaller lobes tend to be supplied by 
branch, and (3) that the azygos vein usually 
descends erratically into the substance of the 
lung, bending and separating the branches of 
a segment. The pre 
bronchus of 


second anomaly, a 


eparterial tracheal origin, is 
interpreted as a displaced ramus of the apical 
segmental bronchus. In reviewing the litera 
ture, it is concluded that most cases of so- 
called bronchi are merely 
displaced rami of the apical bronchus and 
The 
distribution of bronchi in gross anomalies of 
the right upper lobe, particularly lobes sub 


supernumerary 


should not be considered as accessory 


divided by the azygos vein and those containing 
pre-eparterial bronchi, E. A. Boyden, Radiology, 
June, 1952, 58: 797.—(W. J. Steininger) 


Intralobar Sequestration of Lung.— During 
the course of embryologic development, an 
anomalous pulmonary artery arising from the 
aorta or one of its main branches may be 
formed and supply a part of the posterior 
portion of one of the lower lobes. Often, some 
or all of the lung so supplied is cystic and not 
normally connected to the bronchial tree. 
This is called “intralobar sequestration of the 
lung.” Diaphragmatic hernia is frequently 
associated with this condition. Seven surgically 
and pathologically proved cases of this de- 
velopmental anomaly were seen. The condition 
may present as two distinct clinical problems: 
(J) an asymptomatic lesion incidentally dis 
covered; (2) recurrent lower lobe infection. 
The features 
are: (J) in the asymptomatic patients, a 


distinguishing roentgenologic 
mass-like lesion in a lower lobe, from which 
a tapering projection may be directed toward 
the aorta; (2) in those with infection as the 
outstanding feature, a thin-walled cyst or 
cysts in the posterior basal portion of a lower 
lobe, often associated with or even obscured 
at times by infection which may be recurrent 
Roentgenographie recognition of the condi 
tion is important in order to avoid the danger 
of inadvertent section of a large artery in an 
unexpected location during surgery (Authors’ 
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summary) {nomalous pulmonary artery from 
the aorta associated with intrapulmonary cysts 
(antralubar sequestration of lung), S V 
Wyman & W. R. Evler, Radiology, November, 
1952, 59: G5S.—(W. J. Steininger) 
Middle Lobe Syndrome.-- Among 23 cases 
of bronchial obstruction due to hilar lympha 
denitis, the middle lobe bronchus was in 
volved in 19. The greater frequency of middle 
lobe obstruction is explained by the anatomic 
situation of its bronchus. In 16 cases, calcifica- 
tions were noted at the lower pole of the 
hilum, indicating the probable tuberculous 
origin of the condition. In 6 patients, the 
stenosis was limited to the bronchus of the 
axillary segment of the middle lobe and, in 
the of the 


resulted in pulmonary abscess. As bronchial 


5 patients, retention secretion 
carcinoma may appear in the guise of a middle 
lobe syndrome, it is very important to con 
sider the possibility that the obstruction may 
be caused by an endobronchial growth 
Das Réntgenbild des “ Mittellappensyndroms”’, 
K. H. Willmann, Fortschr. a. d. Geb. d. Rént- 
genstrahlen, March, 1952, 76: 346.—(L. Mol- 
nar) 

Identification of Lymph Nodes.—As soon 
as the hemithorax is opened and the diagnosis 
of bronchogenic established, 
5 ec. of a 4 per cent solution of pontamine 
sky blue in distilled water with 30 units of 
Wydase is injected superficially and deeply 


carcinoma is 


into the pulmonary tissue near the root of the 
lung. Some of the dye is also injected against 
the wall of the main bronchus. Nearby nodes 
and lymphatic vessels are stained within one 
after the 
distant nodes are evident after ten to twenty 


or two munutes injection; more 
minutes. This dye has the advantage of being 
only slightly diffusible when injected into the 
tissues and tends to remain in the area in 
which the injection is made unless picked up 
by the lymphatic circulation. Once it is de 
posited in a lymph node it tends to remain 
The dye has had no toxie effects in 
than 1,000 times the quantity 


Occasionally, slight pigmentation of the skin 


there 


more used 


may result from the accidental injection of the 
dye into a blood vessel; the cyanotic appear- 
ance clears up in several days to a few weeks. 
The distribution of the dye may be hampered 
when the lymphatics are blocked by carei- 
noma or inflammation or when an injection 
is incorrectly made. In conjunction with 
radical pneumonectomy, the dye aids in the 
planned resection of lymph nodes for bron- 
chiogenic of 
gional lymph nodes in the treatment of bron- 
chiogenic Weinberg, J. 
Thoracic Surg., November, 1951, 22: 617. 


(R. BE. MacQuigg) 


carcinoma, J. A 


Early Diagnosis of Lung Carcinoma. 
Unilateral enlargement of the hilar shadow 
of the lung is the most commonly overlooked 


early sign of bronchogenic carcinoma. Early 


recognition of hilar enlargement is difficult 
and failure often delays diagnosis and treat 
ment. In measuring the transverse diameter 
of the roentgenographic shadow of the hilus, 
the medial border of the hilus may arbitrarily 
be considered to be a vertical mid-thoracic 
transthoracic 
diameters at the and at the 
diaphragm. The distance between this vertical 
mid-thoracic line and the lateral margin of 
is the transverse diameter 
100 routine chest 


line bisecting the horizontal 


aortie arch 


the hilar shadow 
of the hilus. A 


roentgenograms were thus measured to deter- 


series of 


mine the normal ranges with mean and stand- 
ard variations of the hilar diameter. Similarly, 


27 hilar shadows were measured in cases of 
histologically verified bronchogenic carcinoma 
Statistically significant differences were found 
between the two groups. The measurements 
also revealed unilateral hilar enlargement 
and may be an early sign of primary bron- 
carcinoma. These 


the critical judgment of 


chogenice determinations 


cannot supplant 


experienced roentgenologists but they can 


assist such judgment.—-Significance of uni 
lateral enlargement of the hilus shadow in the 
early diagnosis of carcinoma of the lung, L. O 
Rigler, B. J. O'Loughlin, & R. C. Tucker, 
Radiology, November, 1952, 59: 683.—(W. J 


Steininger) 


ag 
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Radiation Therapy for Bronchogenic Carci- 
noma.—A statistical analysis of 125 cases of 
bronchogenic carcinoma treated by roentgen 
therapy fails to reveal any definite trend to in- 
creased longevity with increasing tumor dose 
Other factors, such as the age of the patient 
at onset of disease, duration of symptoms 
prior to diagnosis, and sex, are also of no 
apparent There is 
some difference in survival following therapy 
for different the 
being expected squamous- 
cell carcinoma (Author’s summary).— Results 
of radiation therapy for bronchogenic carcinoma: 


prognostic importance 


histologic types, longest 


survivals with 


A statistical analysis of 125 cases, B. P 
Radiology, 1952, 59: 
(W. J. Steininger) 


Adelman, September, 


390 

Pulmonary Eosinophilic Granuloma.--Two 
cases of eosinophilic granuloma limited to 
the lung are believed to be the first reported 
cases. An additional patient had eosinophilic 
granuloma of bone with pulmonary findings. 
The roentgenologic picture was identical with 
that of Letterer-Siwe disease, Hand-Schiiller- 
Christian disease, Gaucher’s disease, and 
other xanthomatoses, consisting of a granu- 
lomatous infiltrate of nodular character, 
with associated localized areas of emphysema, 
slightly fibrotic background. The 
clinical manifestations were mild. Histopatho- 


and «a 


logically, the lesions in the lungs were identical 
with eosinophilic granuloma of bone. It is 
suggested that the 2 cases of localized pul 
monary eosinophilic granuloma, like eosino 
phile granuloma of bone, represent a mono 
symptomatic form of a systemic xanthomatous 
and that the 


granuloma be expanded to include those cases 


disorder, term eosinophilic 
extra-osseous lesions such 
skin, 
Eosinophilic granuloma of the lung, 
Leaver, & C. J. Farinacci, 
1952, 59: 504 (W. J. 


in which there are 


as those involving lungs, and other 
organs 
R. W. Lackey, F. ¥ 
Radiology, October, 


Steininger) 


Metastases from Esophageal Carcinoma. 
The incidence, importance, and salient roent 


gen diagnostic features of lymphatie dis 


119 


esophageal cancer. In SO patients (73 per cent) 


semination were studied in cases of 


lymph node metastases were present. Tumor 
emboli sometimes were carried by lymphatic 
vessels to the nearest chain of lymph nodes 
or sometimes deposited at a distance from the 
primary tumor. There 
tween the duration of symptoms and the 
lymph 
between metastases and the estimated dura 
tion of the tumor. A high histologie grade of 
malignancy was associated with a slightly 


was no relation be 


presence of node metastases, nor 


higher incidence of lymph node metastases 
When the primary lesion involved the mid 
thoracic esophagus, there was a. slightly 
greater tendency for the disease to spread to 
the right than to the left paratracheal nodes. 
When the tumor was situated in the third or 


fourth segment of the esophagus, there was 


frequently involvement of the para-esophageal 


chain of nodes. The lower the primary tumor 
in the esophagus, the more likely it was that 
there would be lymph node metastases be 
neath the diaphragm. Intrathoracie and sub 
diaphragmatic lymph nodes enlarged by 
metastases could be identified radiographically 
in many instances. By this means the extent 
of disease could be more accurately deter 
mined 
node metastases from carcinoma of the esophagus, 
J. J. McCort, Radiology, November, 1952, 


59: 694.—(W. J. Steininger) 


Radiographic identification of lymph 


Intrathoracic Meningocele..-A case of in 
trathoracic meningocele is believed to be the 
fourteenth in the literature. Roentgen findings 
common to most of the cases are kyphosco 
liosis, & posterior mediastinal mass project 
ing laterally through the intervertebral fora 
men, with enlargement of the foramen and 
absorption of the adjacent posterior ribs. In 
several cases, including the authors’, there 
was evidence of multiple vertebral anom 


Nine of the 14 


cases were associated with Recklinghausen’s 


alies, such as bifid vertebrae 


disease. The association with the latter condi 
tion of a posterior or paravertebral mass, 
enlarging the foramen and causing absorption 
of the adjacent ribs, should suggest meningo 
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than neurofibroma. Relative 


freedom from neurologic signs or symptoms is 


cele rather 
further evidence in favor of a meningocele 
If the mass remains stationary in size, treat- 
If there is evi- 
dence of growth, surgical excision with closure 


ment should be conservative 


of the dural sac is indicated (Authors’ sum- 
mary).—JIntrathoracic meningocele: A case 
report, S. Rubin & E. H. Stratemeier, Radiol- 
ogy, April, 1952, $8: 552.—(W. J. Steininger) 

Intrathoracic Meningocele.—An_ intratho- 
racic meningocele was successfully excised and 
no recurrence occurred during a three and 
one-half year follow-up, making the seventh 
known surgically treated case. If encountered 
during thoracotomy, a meningocele should 
be treated surgically since this probably is a 
progressive lesion. If the diagnosis is made 
preoperatively in a patient with symptoms, 
surgery is indicated. If asymptomatic, roent- 
genographie observation for a period of years 
may determine the advisability of surgery. 
Surgical treatment should include meticulous 
closure of the dura. This closure and that of 
the bony defect should be supported by what- 
ever means possible, using parietal pleura, 
muscle flap, fascia lata, et cetera. All 4 cases, 
including the present one, operated upon 
using the current techniques of chest surgery 
Intra- 
thoracic meningocele: Excision, with three and 
one-half years follow-up, P. Ciaglia, J. Tho 
racic Surg., March, 1952, 23: 283.—(R. E. 
MactQuigg) 


have shown early favorable results. 


Primary Pleural Tumors.—During the last 
three years, 12 cases of primary tumors of 
the pleura were observed. The diagnosis was 


confirmed by biopsy in 11 of them and on 


post-mortem examination in one case. The 


biopsy specimen was obtained in 4 cases by 
thoracoscopy; in 7 cases, by thoracotomy. 
The clinical signs and symptoms suggesting 
pleural tumor recurring hemorrhagic 
effusion, progressive thickening of the pleura, 
retraction of the hemithorax, and the absence 
of shift of the mediastinum in spite of the 
presence of fluid. The institution of a pneumo- 


are 


thorax, if possible, may be decisive for the 
diagnosis. In the presence of a diagnostic 
pneumothorax, the roentgenologic signs of 
tumor are thickening of the visceral and 
parietal pleura, a granular appearance of the 
surface of the pleura, sometimes the presence 
of tumor masses on the pleura, often in the 
anterior costadiaphragmatic sinus, and ero- 
sion of ribs. The diagnosis must always be 
confirmed by histologic examination.—Das 
Réntgentild des primdren Pleurakrebses, W. 
Pfeifer & A. Weiss, Fortschr. a. d. Geb. d. 
Réntgenstrahlen, April, 1952, 76: 460—(L. 
Molnar) 


Tumors of the Diaphragm.—Of 2 benign 
primary tumors of the diaphragm, one was 
an adrenal cortical adenoma, the other an 
adenoma of liver tissue. In both cases a pre- 
sumptive diagnosis has been made on the 
basis of routine roentgenograms of the chest. 
Diagnostic pneumoperitoneum and pneumo- 
thorax are important in establishing that the 
tumor is in the diaphragm. The stomach 
bubble has diagnostic value. After the lesion 
is initially suspected, the stomach bubble 
may be readily enlarged by administering a 
warm carbonated beverage so as to delineate 
the region more clearly. Better still, double- 
contrast films may be made by first giving 
barium and then the carbonated beverage. 
Symptoms of diaphragmatic tumor may be 
absent, or vague and not at all diagnostic, 
consisting usually of pain in the 
dyspnea, and cough.—Two unusual tumors 
of the diaphragm, M. M. Keirns, Radiology, 
April, 1952, 58: 542.—(W. J. Steininger) 


chest, 


Radical Pneumonectomy.—- Metastases in a 
lymph node cannot always be detected by 
gross observation or palpation; even micro- 
scopic examination may fail to show them. 
Saphir and Amromin re-examined by serial 
sections axillary lymph nodes reported unin- 
volved on routine examination; one-third of 
30 radical mastectomy cases had metastases 
In pneumonectomy for cancer, the lung can 
be removed in a block with most of its hilar 
and mediastinal lymph nodes. This radical 


. 
war. 
a! 


ABSTRACTS 1d 


dissection is wise because the regional lymph 
nodes are involved frequently with metastases 
from both central and peripheral tumors of all 
histologic types. In a series of 39 radical 
phneumonectomies, 1S specimens contained 
lymph nodes with metastases which were 
located beyond the limits of the average 
simple pneumonectomy.— Radical pneumon- 
eclomy, W. G. Cahan, W. L. Watson, & J. L. 
Pool, J. Thoracic Surg., November, 19851, 
22: 449.—(R. E. MacQQuigg) 


Esophageal Stenosis After Oleothorax. 
The liquid paraffin used as a collapsing agent 
in a surgically prepared extrapleural space 
may find its way to the mediastinum and 
infiltrate the loose connective tissue surround 
ing the esophagus. The presence of oil under 
tension provokes an inflammatory reaction 
in the periesophageal tissue and sometimes 
results in a fibrotic sheath constricting the 
esophagus. As the mucous membrane is 
usually not involved in this process, dilation 
by bougies may be sufficient to relieve the 
dysphagia but, if prolonged treatment with 
bougies fails to correct the stenosis, surgical 
intervention may be necessary. Three cases 
with extensive stenosis were successfully 
treated by surgically removing the periesopha- 
geal fibrous sheath in one-third of its cireum- 
ference. Owing to the presence of the aorta 
on the left side, the scar tissue was resected 
on the right side of the esophagus where the 
vena azygos can be ligated without incon- 
venience. Prolonged bougienage in the post- 
operative period is advisable.—Die Enthiil 
sung der Spe iserohre bei Stenosen nach Paraf 
finplomben, H. Krauss, Deutsche med 
W chnschr., September 19, 1952, 38: 1144. 

(L. Molnar) 


Pulmonary Arteriovenous Fistula.— There 


are now apparently 65 proved cases of the 
pulmonary vascular abnormality, arterio 
venous fistula. The present case is the first 
in British radiological literature. A 54-year 
old man noted hemoptysis with increasing 
fatigue and weight loss. He was markedly 
evanotie with distended neck veins. The heart 


was enlarged and the lung fields were clear; 
there was clubbing of the fingers. A chest 
reentgenogram revealed a large circumscribed, 
slightly lobulated shadow in the right para 
hilar region which was separate from the 


right pulmonary artery and was connected 


to the hilar vessels by broad bands of increased 
density. The erythrocyte count was 7.2 
million, and cardiac catheterization revealed 
that the pressure in the right auricle was 
increased to 22 em. of water. The patient 
died suddenly several days following cardiac 
catheterization because of cerebral thrombosis, 
and at autopsy a pulmonary arteriovenous 
fistula of the right pulmonary artery close 
to the hilum of the right lung was found. In 
contradistinction to most recorded cases, this 
patient was in an older age group and had 
marked cor pulmonale._-Pulmonary arterio 
venous fistula, S. Meyersohn, Brit. J. Radiol., 
November, 1952, 25: 614.—(L. Hyde) 


Eventration of Diaphragm. —lventration 
of the diaphragm is characterized by an 
abnormally high position of the right or left 
leaf of the diaphragm. Anatomically, there 
is atrophy or aplasia of the muscle fibers, the 
continuity of which is unbroken. As a rule 
this condition is congenital and may be ac 
companied by other congenital anomalies 
It may be acquired, in which event it is most 
often due to paralysis of the phrenic nerve 
from trauma or carcinomatosis of the medias 
tinal lymph nodes. The left side is involved 
far more frequently than the right; the reason 
is not apparent. Bilateral cases have been 
described usually in association with mega- 
colon. As a rule there are no symptoms but, 
if present, ordinarily they are mild. This 
condition may be confused with a diaphrag 
matic hernia with a large sac. The diagnosis 
of eventration of the diaphragm depends 
upon the demonstration, sometimes difficult, 
of an elevated but intact diaphragm In 
most instances, an upper gastrointestinal 
series and a barium enema will distinguish the 
two. Diagnostic pneumoperitoneum in even 
tration of the diaphragm will allow accumula- 
tion of air beneath the elevated but intact 
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diaphragm, while in a diaphragmatic hernia 
the air will enter the hernia sac. Fluoroscopy 
shows decreased, often paradoxical, move 
ments of the involved diaphragm in eventra- 
tion. Of 10 patients, 4 had mild functional 
dyspnea only. One had epigastric distress 
following meals and relieved by the prone 
left lateral decubitus position. This was due 
abnormal the 
Specific therapy is seldom required. With 


to an rotation of stomach. 
severe gastric symptoms or dyspnea, thora- 
cotomy with plication of the elevated dia- 
Eventratio 

& E. 
1952, 27: 


considered. 
Hagn-Meincke 


Scandinav., 


phragm should be 
diaphragmatica, F. 
Nielsen, Acta tuberc 
\7.—(K. T. Bird) 
Treatment of Empyema.—The incidence 
of post-pneumonic empyema has been con- 
reduced since the introduction of 
statistics of 190 
eases of empyema in children showed that 


siderably 

antibiotics. Cumulative 
82.6 per cent of the patients were cured with 
antibiotics and by aspiration of the pus. 
Post-pneumonie empyema in adults was 
cured by the same method in approximately 
50 per cent of the eases. Continuous Bilau 
drainage controls approximately 90 per cent 
of the cases which do not respond to anti- 
biotics within three weeks in children, and 
within fourteen days in adults. If the drainage 
is insufficient, it may be improved by intro- 
ducing the tube in a more appropriate site 
after the surgical closure of the previous 
opening. Rib resection is preferred to Bilau 
drainage in the presence of a retracted hemi 
thorax. Of 133 cases of chronic empyema, 56 
were successfully treated by changing the 
iEmpyema caused by 
of a 


pulmonary process is often mistaken for post 


site of the drainage 


secondary infection and perforation 
pheumonie empyema. In such cases, the treat- 
ment should be the resection of the diseased 
decortication of the 


Decortication 


segment or lobe with 
healthy lung, or thoracoplasty 
is preferable when re-expansion of the lung is 
the 


seems to be 


prevented by thickening of visceral 


pleura. This condition more 


frequent since the introduction of antibiotic 


Decortication 
186 cases of residual empyema following shot 


therapy was performed in 
wounds of the thorax, with only 3 deaths 
the 


and 


pleura 
the 
intervention was usually well tolerated. In 


Stripping the membrane from 


was, in general, relatively easy, 


11 cases a bronchial fistula was closed with an 
intercostal muscle flap. Decortication may be 
combined with pulmonary resection for de 
structive pulmonary lesions. It is less satis- 
Das Pleu 


mit beson 


factory for tuberculous empyema 
raempyem and seine Folgezustande, 
derer Beriicksichtigung der Dekortikation, L 
Zukschwerdt & H. Zettel, Deutsche 
Wehnschr., July 18, 1952, No. 29/30: 896 
(L. Molnar) 


med. 


Streptokinase for Hemothorax.—Twenty- 
nine cases of extrapleural hematoma following 
the institution of an extrapleural pneumo- 
thorax and 3 cases of intrapleural hematoma 
complicating a lobectomy were treated with 
a preparation of streptokinase and strepto 
dornase. In most cases one injection into the 
extra- or intrapleural cavity liquefied the 
hematoma, which could then be easily aspi- 
rated 


necessary to 


In a few cases a second injection was 
this The 
effects were transitory fever, chest pains, 


obtain result side 
headache, and nausea. Complications arose in 
2 cases; in one patient the chest wall wound 
became incontinent but this was surgically 
controlled; in one case of lobectomy a bron 
chial fistula appeared and might be attributed 
to the medication. This treatment allows the 
establishment and maintenance of a satis- 
factory collapse by extrapleural pneumothorax 
in spite of a hematoma, and with lobectomy 
it creates conditions favoring the re-expansion 
of the residual lung.—l ber die fermentative 
Ausriumung des extra- und intrapleuralen 
Haématothorar, H. Blaha & H. Worn, Deutsche 
med. Wehnschr., September 19, 1962, 38: 


1152. (L. Molnar) 


Spontaneous Contralateral Pneumothorax 
Complicating Thoracic Surgery.—There are 
few references to spontaneous contralateral 
pneumothorax as a complication of thoracic 
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surgery. The apparent infrequency may be 


due to several factors. The sudden death of a 
patient in the early postoperative period may 
not be explained without an autopsy or the 
pathologist may report only complete atelec 
tasis without scrutinizing any emphysematous 
the 
have occurred on the thoracic surgery service 
of the Veterans Hospital at Wood, Wisconsin 


Of the several possible causal mechanisms, 


blebs or mediastinal wall. Three cases 


Stephens postulated a communication through 
the mediastinal wall, while Gleason and Kent 
demonstrated a ruptured emphysematous 
bleb. The latter is considered more feasible 
in each of the present cases. The thoracic 
surgeon and resident physician must be aware 
of this fatal complication since treatment is 
effective. the 
space by thoracentesis 


simple and Decompressing 


pleural immediate 
with any large needle releases the high intra 

the 
relief 


through an 


pleural corrects mediastinal 
shift, and 
continuous 


and the 
valvular 


pressure, 
gives prompt Subsequent 
intrapleural 


suction 


catheter usual management for 


ordinary pneumothorax complete 
the therapy 
mothorax complicating thoracic surgical pro 
cedures, T. J. Beno & W. Weisel, J. Thoracic 
Surg., March, 1952, 23: 272.—(R. E. Mac 


Quigg) 


Spontaneous contralate ral pneu 


Open Closure of Bronchus with Carlens 
Catheter. 
structed by Carlens for bronchospirometry 


The double lumen catheter con 


and for one lung anesthesia has greatly 


facilitated 
direct laryngoscopy 


pulmonary resection. Using in 
and topical anesthesia, 
the rubber catheter is introduced over a curved 
metal stylet. A terminal rubber hook is tied 
down to the catheter with a moistened silk 
thread until it has passed the larynx when the 
slipknot is untied and the catheter is gently 
pushed downward. It turns automatically 
to the left as the curved stylet is withdrawn 
The rubber hook can be 


The catheter can be introduced over 


felt to engage the 
caring 
a straight metal stylet through a laryngoscope 
but this may be more difficult in patients with 


a short neck and big teeth. Use of the catheter 


lung anesthesia in more than 300 


resections has shown that Its main advantages 


for one 


closure of the 
bronchus, which the 
carina and of the tracheal wall; and (2) in 


are (1) in permitting open 


facilitates resection of 
preventing transbronchial spread of infection, 
which makes the “face-<down” position neces 
sary. Continuous suction can be applied to the 
the The 
diseased lung can be separately deflated to 


bronchus draining diseased area 


provide more operating space when it is 
separated from the chest wall or inflated when 
lobar and intersegmental planes are developed 
In pneumonectomies for tuberculosis without 
bronchial stenosis, the invagination technique 
of Crafoord is preferred 
preferred in lobectomies or segmental resec 


Simple closure Is 


tions. In simple bronchial closure, the periph 
eral bronchial cartilaginous ring is removed 
as cartilage has a poor blood supply and does 
not take part in healing 0000 
Deknatel silk on an needle are 
then placed and a pedicled pleural flap ts 
sewn the bronchus. The 
of the bronchus and the resection of the carina 
and of the tracheal wall, V. O Bjork, E 
Carlens, & C. Crafoord, J. Thoracic Surg., 
April, 1952, 23: 419.—(R. E. MacQQuigg) 


Sutures of 
atraumatic 
closure 


over open 


Catgut as Vascular Sutures. When there 


was controversy over silk versus catgut sutures 
vascular agreed 


for general surgeons 


that silk was superior 


use, 


As more children were 


operated upon for coarctation, tetralogy of 


Fallot, and portal hypertension, it was evi 
dent that growth at the site of anastomosis 
desirable and were 


would be experiments 


made to determine the relative value of 
various techniques in the growing animal. 
Fine chromic eatgut was shown to be more 
satisfactory then silk when used as a continu 
ous vascular suture in a growing animal. A 
better comparison of vascular healing can be 
made if chromic catgut and silk are used in 
the same animal, so fine braided silk and 
medium chromic catgut were used to implant 
vascular grafts into 20 dogs. The anastomoses 
were examined after from one to one hundred 
days. Grossly, the chromic 


and sixty-eight 
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catgut began to fragment in about four weeks 
At times the fibrosis 
was greater than that at the catgut anastomo 


at the silk suture line 


sis. Microscopically, the early cellular reaction 
about the catgut was greater than that about 
the silk in some specimens. In others, com- 
parable but varying degrees of reaction were 
found about both types of suture. In a few 
weeks excellent fibrous union oecurred in all 
instances. Residual fragments of catgut were 
observed for several months. Occasionally, 
granuloma formation was noted about the 
silk strands. Interrupted 5-0 medium chromic 
catgut sutures were used for major vascular 
anastomoses in 3 children. In 2, a coarctation 
was excised and end-to-end aortic anastomosis 
carried out. In the other, a spleno-renal shunt 
was performed. In all, the clinical result has 
An experi- 


been very satisfactory to date 


mental evaluation of catgut as a_ vascular 
suture material and a report on its clinical use, 
R. A. Deterling, Jr., C. C. Coleman, Jr., J. 
Kee, &G H Humphre ys, J 


March, 1952, 23: 8303.-(R. E 


Thoracic Surg., 
MactJuigg) 


Hiatus Pneumocele with 
neum.—The chest roentgenogram of a patient 
receiving treatment 


Pneumoperito- 


pneumoperitoneum 
showed a sharply defined radiolucency within 
the heart shadow at the junction of the right 
and left hemidiaphragms. Fluoroseopic and 
further 
strated a hiatus hernia 


roentgenographic studies demon- 
At autopsy, an air- 
containing peritoneal sac herniating through 
the esophageal hiatus was demonstrated 

Hiatus 
pneumoperitoneum: Report of a case, R. L 
Friedman, J.A.M.A., Seplember 20, 19652, 


150: 211.—(H 


pneumocele complicating therapeutic 


Abeles) 


Postoperative Bronchial Rearrangement. 
The 


chograms of patients with pulmonary resec- 


preoperative and postoperative bron- 
tions were compared to determine whether 
there is a predictable pattern of postoperative 
bronchial rearrangement. It was found that, 
after pulmonary resection, the bronchial tree 
remaining on the operated side rearranges 


itself in a typical pattern which varies chiefly 


with the segment or segments involved. The 
general direction of the bronchial shift is the 
that occurring in the 
the shift is more marked, being 
astoundingly great when more than one lobe 


same as atelectasis 


extent of 


is resected. Spatial bronchial rearrangement is 
modified by the presence of anatomic varia 
tions and the occurrence of postoperative 
complications. Postoperative bronchiectasis 
may often be traced to bronchiectasis which 
existed preoperatively but was not recognized 
When bronchiectasis actually develops post 
operatively, it is due mainly to postoperative 
complications such as atelectasis and pleural 
disease. Spatial adjustments, causing spread 
ing and changing the ‘‘take-off”’ angle of the 
remaining bronchi, rarely produce bronchice 
tasis. At present, it seems more important to 
stress the need for choosing a_ resection 
technique which will minimize postoperative 
complications rather than one which will 
diminish bronchial shift.—Bronchial rear 
rangement and bronchiectasis following pul- 
monary resection, A. Ettinger, C. Bernstein, 
& F. M. Woods, Radiology, November, 1952, 


59: 668.—(W. J. Steininger) 


Blindness After Prone Position Resection. 
In 2 blindness followed 
pulmonary resection in the prone position. 
attributed 


cases, unilateral 
In each ease, the blindness was 
to pressure on the globe, which increased the 
intraocular tension and ultimately 
retinal ischemia. Undetected, the head of the 


caused 


anesthetized patient had rotated so that the 
head rest pressed directly on the globe for 
a long period. No similar cases of traumatic 
blindness have been reported, but expen 
mental studies by Kukan may explain the 
mechanism involved. This complication must 
be prevented by close cooperation between 
the surgeon and anesthesiologist. The anes 


thesiologist must see that the head remains 


in the proper position until the conclusion of 
Retinal 
lateral blindness: <A 
pulmonary 


position, H. E. Walkup & J. 


the operation ischemia with uni 


complication occurring 
resection in the 


Murphy, 


during prom 


j 
ee 
Ard 
i 
Rr 
. 


ABSTRACTS 19 


J. Thoracic Surg., February, 1952, 23: 174 
(R. E. MacQuigg) 


Pulmonary Function After Resection. 
Lung function studies were performed on 
43 patients before and six months after 
segmental pulmonary resection without tho- 
racoplasty. These studies included determina- 
tion of vital capacity, expiratory velocity, 
maximum breathing capacity, and broncho- 
spirometry. Segmental pulmonary resection 
reduces the oxygen uptake of the operated 
lung by 4 to 6 per cent, which is somewhat 
greater than the reduction of ventilation. 
The ventilatory reserve after a segmental 
pulmonary resection is unchanged. Compli- 
cations arising during the postoperative 
period, particularly those leading to impair- 
ment of diaphragmatic function due to ad- 
hesions, may easily overshadow the ad- 
vantages of the slight decrease in function 
following segmental resection. Continuous 
suction drainage of the chest during the early 
postoperative days is essential to conserve 
pulmonary function. Equally important is 
avoidance of lung trauma during surgery. 
The effect of segmental pulmonary resection 
of pulmonary function, L. van der Drift, Acta 
tuberc. Scandinav., 1952, 27: 18—(K. T. 
Bird) 


Dual Vital Capacity Test.—In normal per- 
sons the vital capacity is equal to the arith- 
metic sum of the maximal reserve air and the 
complemental air. In emphysematous sub- 
jects the vital capacity is less than this sum 
because the patients are unable to exhale 
their maximal reserve air from a start at full 
inspiration, being better able to do so from a 
start at quiet expiration. This difference, ex- 
pressed as per cent of the total vital capacity, 
may be a more accurate indication of pul- 
monary function than the standard single 


expiratory vital capacity procedure. Kymo 


graphic vital capacity records used to make 
this determination give additional information 
since emphysematous persons, although oc- 
easionally able to expel a normal amount of 
air, may require an abnormally long time to 


do so. These patients will produce a curve of 
slow emptying in contrast to the normal sharp 
descent which is symmetrical with the sharp 
inspiratory rise. Since this dual vital capacity 
procedure can be performed without undue 
exertion, it may offer a more accurate clinical 
index of pulmonary dysfunction in severely 
ill patients than the performance of maximum 
breathing capacity. Patients too breathless to 
perform the maximum breathing capacity 
test can still produce a satisfactory inspira- 
tory-expiratory vital capacity record. While 
this does not provide an over-all clinical 
index of pulmonary function, it does demon 
strate directly and quantitatively the pa- 
tient’s inability at any given moment to empty 
his lungs, an important consideration in lung 
disease characterized by loss of elasticity and 
bronchiolar narrowing. Repeated observa- 
tions at short intervals have been used in the 
evaluation of bronchodilator agents.— Res 
piratory-expiratory vital capacity test of pul- 
monary function, A. Leslie, Am. J. Med., 
December, 1952, 13: 809.—(T. H. Noehren) 


Sternal Deformity with Cardiac Symptoms. 

The usual patient with funnel chest is 
thin, weak, and poorly developed, with a 
flat chest, dorsal kyphosis, and a tendency 
to carry the head thrust forward. Frequently, 
the depressed sternum presses upon or dis 
places the heart, producing demonstrable 
physiologic disturbances. In the mildest 
cases there may be only electrocardiographic 
evidence of cardiac displacement and rotation. 
There may be cardiac arrhythmia, decreased 
exercise tolerance, and even cardiac failure 
Operation is indicated to correct the de- 
formity, to prevent its progression, or to 
relieve symptoms. One patient had an unusual 
deformity in that he was a powerfully built 
young man with a deep chest which expanded 
well. Unlike the usual deformity, the ribs 
seemed little involved and there was no 
paradoxical motion of the sternum. He was 
operated upon because he had increasingly 
frequent attacks resembling paroxysmal tach 
yeardia. The operation differed from that 
usually employed in that two transverse 
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The 
No external traction 


osteotomies were required correction 
was entirely satisfactory 
was required and silk sutures securely main 
the Three later the 
chest wall was solid and the correction had 
Unusual sternal deformity 


tained sternum years 
been maintained 
with cardiac symptoms: Operative correction, 


M. M. Ravitch, J. Thoracic Surg., February, 
1952, 23: 138.—(R. E. MacQQuigg) 


New Medium for Bronchography.— lodized 
poppy seed oils such as Lipiodol when used 
for bronchography leave a residue which may 
obscure radiologic detail for weeks or months. 
A new medium, Dionosil, is a 50 per cent 
aqueous suspension of a diodone derivative 
with a cellulose derivative as a thickening 
agent. This material did liberate free 
iodine, was nontoxic, and nonirritant, but 


not 


produced severe coughing even when local 
anesthetics or codeine were used as premedica 
tion. It was used on 60 adults. Because of 
coughing, the crieothyroid route was used 
when patients were in the hospital and re- 
ceiving penicillin. Approximately 16 ec. of 
the medium were required for each lung. 
Although Dionosil contains only 30 per cent 
iodine compared with 40 per cent in iodized 
oil, the bronchi were clearly visualized since 
the medium coated the bronchial wall rather 
than filled the bronchi. The radiopacity usu- 
ally cleared completely in three or four days, 
and no No detrimental 
effect on the disease was observed in 25 pa- 
Delayed 


iodism was noted 


tients with active tuberculosis. 
pyrexia developed in 12 patients; 7 of these 
also noted malaise and aching in the limbs 
resembling mild influenza. These symptoms 
lasted only one day. The advantages of this 
new medium when compared with iodized 
oil are: (7) Dionosil disappears in four days; 
(2) it is not oily and hence does not delay 
operation; (3) the medium is less viscous and 
is easier to inject; (4) alveolar filling is not 


normally produced with quiet respiration; 
(5) bronchi tend to be outlined rather than 
filled; and (6) the medium can be used in 
active The 


material when compared with iodized oil are: 


tuberculosis disadvantages of 


(1) it is not suitable for peroral or pernasal 
introduction; (2) a febrile reaction was noted 
in 12 of 45 cases; (3) the technique is more 
elaborate than when using iodized oil; (4) 
the less radiopaque; and (5) 
bronchography with this medium is 
preferably not performed on outpatients 

A new medium for bronchography, C. Don, 
Brit. J. Radiol., November, 1952, 25: 573. 


medium is 
new 


Cardiac Defibrillator.—A simple portable 
defibrillator, essential in any operating room, 
can be built of materials costing less than ten 
dollars. The principles outlined by C. F 
Beck are followed in using this instrument. 
The insertion of an isolation transformer may 
reduce the hazard of electric shock to person- 
nel working near the patient but it does not 
eliminate the risk. The transformer reduces 
the chance of short circuiting but care must 
be taken to avoid contact with the copper 
electrodes. Persons touching the patient should 
wear rubber gloves and stand on a non- 
conductor. Kay and Blalock found 10° per 
cent calcium chloride solution lifesaving in 
cases of spontaneous or post-defibrillation 
cardiac standstill. When 0.5 cc. of 1:1,000 
epinephrine injected into the left ventricular 
cavity failed to restore the heart beat, 2 to 
4 ec. of calcium chloride so injected produced 
dramatic restoration. Injection into the left 
ensures 


the 


ventricular cavity, with massage, 
the of calcium 
coronary arteries and is preferred. If the left 
heart 


passage chloride into 


ventricle is inaccessible, any other 
chamber may be used. Calcium chloride is 
also valuable for ventricular 
standstill in a heart with weak contractions 
It should therefore be ready and available 


as part of the resuscitation armamentarium 


preventing 


in the event that epinephrine is ineffectual 
Before, during, and after resuscitation of the 


heart, ample oxygenation of the lungs must 


be ensured by rhythmic adequate inflation 
deflation 
G. L. Birnbaum, J. Thoracic Surg., February, 


and Simple cardiac defibrillator, 


1952, 23: 183.—(R. E. Macuigg) 
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ANTIMICROBIAL THERAPY 


Isoniazid for Pulmonary Tuberculosis. 
Among a group of women with pulmonary 
tuberculosis treated with isoniazid and fol 
lowed for a period of at least seven months, 
19 were judged to be incurable and 150 
curable. Half of the incurable group were 
more than sixty years of age, had for the most 
part torpid disease, and were in fairly good 
general condition. Among the young patients, 
many had acute febrile disease. Most of the 
patients had had long periods of treatment 
of other sorts. Of the 150 patients judged 
curable, some had had no prior specific 
therapy. A few patients were given isoniazid 
in conjunction with streptomycin and some 
with collapse therapy. Subjectively, there 
was lasting improvement in 33 per cent, 
temporary improvement in 25 per cent, and 
cent 


no change in the remainder; 37 per 


gained weight In 66 per cent, cough and 


expectoration diminished. Sputum became 


sterilized in 33 per cent. Radiographically, 
10 per cent showed considerable improvement, 
42 per cent variable improvement, 32. per 
cent were unchanged, and 16 per cent became 
worse. There were 3 patients with miliary 
tuberculosis and all were given streptomycin 
in addition to isoniazid. One developed 
meningitis in the course of treatment, another 
cleared completely, and the third progressed 
Diffuse 
infiltrations responded satisfactorily in that 
there 


graphically 


to chronic disease hematogenous 


was usually striking clearing radio 


and improvement in‘ clinical 
condition in one or two months. The authors 
favor combining streptomycin and isoniazid 
Nonexcavated Ass 


mann’s infiltrates were unchanged with isonia- 


for this type of lesion 
aid. Of the early soft infiltrates, 40 pet cent 
improved but some of these relapsed When 
were given to 


isoniazid and 


yether for this type of lesion, 33 per cent 


streptomyecmn 


cleared completely and 40 per cent showed 


improvement. When isoniazid was given alone 


or with streptomycin for contralateral dis 
seminations, 50 per cent showed complete 
resolution and 50 per cent partial. Of 2 cases 
one cleared 


of pneumonic consolidation, 


entirely except for a small cavity and the 


other showed resolution under 


pneumothorax; both had streptomycin in 


complete 
addition to isoniazid. In ulcerocaseous tuber- 
culosis there was usually clearing of the non- 
cavitary portion and often reduction in size 
of the cavities so that it made possible medical 
or surgical collapse therapy. In one patient 
with endobronchial tuberculosis, the lesion 
after one month of 


remained unchanged 


treatment. In 2 chronic fistulas which had 
resisted streptomycin treatment, there was 
striking improvement following local injec 
tion of isoniazid. Primary infection with 
lymphadenitis and bronchial complications 
responded well to isoniazid. In the uncom- 
plicated cases, the authors believe it is useless 
to give the drug as one cannot hope to kill 
all the bacilli. They found no benefit in tuber 
culous pleurisy with either oral or local ad 
effects 


unimportant with the usual doses; of these, 


ministration Toxic were relative ly 
vomiting and gastric burning were the most 
distressing. With large doses (10 mg. per kg), 
gastric and febrile reactions interrupted treat 
ment in 30 per cent of the cases Of 11 patients 
studied for the development of resistance to 
isoniazid, 4 became resistant to 10 y per mil 
after three months, 5 developed diminished 
sensitivity, and 2 remained sensitive to 0.05 
y after three 
traitement de la 
Dufourt, C. Ollagnier, & R Lambert, Poumon, 
1952, 8: 727.—(F 


months. L’isoniazide dans le 


tuberculose pulmonaire, A 


Nowe mbe S Lansdown ) 


Isoniazid in Children. Forty-five children 
were treated with isoniazid in daily doses of 
10 mg. per kg. of body weight for a period 
of four and one half months starting in Decem 
ber, 1951 


function tests revealed no side effects during 


Urinalvsis, blood count, and liver 


the entire period of treatment The indica 


tions for treatment were as follows: recent 


tuberculosis 17 cases), pleurisy 


primary 


(3 cases), progressive primary tuberculosts 


with cavitation (2 cases), kidney tuberculosis 
(one case), lymph node tuberculosis (3 cases), 
tuberculosis in infants (7 cases), and meni 


yitis (12 eases). Increased appetite and weight 


‘ 
21 
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observed in most patients, including 


The 


graphic changes in the lung showed no signifi- 


were 
infants with serious lesions roentgeno 
cant regression during this short period of 
observation. For tuberculous meningitis, iso- 
niazid substituted, at 
for p-aminosalicylic acid“ and amithiozone, 


was cautiously first 
and subsequently for intrathecal and intra- 
muscular administration of 
The last 2 
exclusively with isoniazid 


streptomycin. 
cases of meningitis were treated 
There was rapid 
improvement in the general condition of these 
patients; the cell count and protein content 
of the cerebrospinal fluid diminished during 
treatment. To test the cerebrospinal fluid for 
the presence of isoniazid when the drug had 
been administered orally, a culture of tuber- 
cle bacilli on Hohn’s egg medium was ex 
posed to a sample of the fluid. In 76 tests, 
only 3 specimens failed to inhibit the growth 
of the tubercle bacilli and, of these, 2 were 
controls taken from individuals who had no 
tuberculosis and to whom the drug had not 
been given. The growth was inhibited by the 
cerebrospinal fluid in 50 per cent concentra- 
tion in all cases, but in many cases a 20 per 
cent concentration was sufficient. These 
experiments seem to indicate that isoniazid 
passes freely from the blood to the cerebro- 


spinal fluid, and this faculty may have im- 


portant therapeutic implications. When tuber- 


culous meningitis is suspected, isoniazid may 


be given initially in preference to streptomycin 
because the former does not increase the cells 
of the cerebrospinal 


and content 


fluid. Although the period of observation is 


protem 


much too short for the full evaluation of the 
therapeutic effects of the drug in children, it 
appears that isoniazid is an important chemo 
therapeutic agent in childhood tuberculosis 
Klinische Erfahrungen mit Neoteben, J. Gehrt, 
Deutsche Wehnschr., July 18, 19852, 
No. 29/30; 90.—(L. Molnar) 


med 


Fluid.—Oral 
patients 


Isoniazid in Cerebrospinal 
200 


from 


doses of ng of isoniazid in 


suffering tuberculous meningitis 


duced a concentration 10 to 50 times greater 


pro 


than that necessary to inhibit growth of the 


H37Ry tubercle bacilli. Effective 


amounts of the drug were found in the cerebro- 


strain of 


spinal fluid twelve to sixteen hours after the 
administration, and the smallest concentra- 
tion demonstrable chernically still displayed 
a full bacteriostatic effect. From these studies 
it would appear that the intrathecal adminis 
the 
treatment of tuberculous meningitis. Clinical 
improvement was seen in 5 patients with 


tration of isoniazid is not necessary In 


tuberculous meningitis treated with 200 mg 
of isoniazid given orally thrice a day. 
Untersuchungen tiber die Diffusion von Iso- 
nikotinsdurehydrazid in den Liquor cerebro 
spinalis, P. Biinger, A. Lass, & G. Miiller, 
Deutsche med. Wehnschr., September 19, 
1952, No. 38: 1162.—(L. Molnar) 


Isonicotiny! Hydrazones.—Most known 


antituberculous drugs contain a characteristic 


group, =N—NH—C Among such com- 
pounds, isonicotiny! hydrazide (isoniazid) 
was active in vitro in a dilution of 1:16,000,000 
(0.0625 y per ml.). Mice, infected intrave 
nously with 0.1 mg. of bovine tubercle bacilli, 
were protected by daily oral doses of 1 mg. 
per mouse (approximately 65 mg. per kg.) 
but this was also the maximal tolerated dose. 
Thus, the therapeutic index was small and 
other derivatives were investigated. Among 
these the most successful were the isonico- 
Isonicotinyl-3-methoxy-4- 
isonicotinyl-4-hy- 


tiny] hydrazones. 
hydroxybenzalhydrazone, 
droxybenzalhydrazone, isonicotinyl-2-hydrox 
ybenzalhydrazone, _isonicotinyl-4-dimethy] 
aminobenzalhydrazone, and 
acetaminobenzalhydrazone were all tolerated 


isonicotinyl-4- 


by mice in doses larger than 40 mg. per 15 
gm. mouse (2,700 mg. per kg.) and all exerted 
therapeutic effects at daily oral doses of 0.3 
to 0.6 mg. per mouse (20 to 40 mg. per kg.). 
At daily doses of 20 to 30 mg. per mouse 
(1,333 to 2,000 mg. per kg.) for thirty days, 
the animals were completely protected. One 
compound, “Ftivazid”’, is being tried clinically 
with suecess.—Isonicotinyl hydrazones and 
their antituberculous activity (Russian), M. N 


Shchukina, G. N. Pershin, O. O. Makeeva, 


a 
4 
: 


E. D. Sazonova, E. S. Nikitskaya, A. D. 
Yanina, & A. I. Yakovleva, Doklady Acad. 
Nauk S.S.S.R., 1952, 84: 981.—(L. B. 
Hobson) 


New Sulfone for Tuberculosis. A new 
sulfone has been tried clinically in 50 cases 
of pulmonary tuberculosis. It is a di-argentic 
derivative of diphenyl sulfone 4-4’ bis (azo- 
para-isopropy! metacresol), known as “J.51.”. 
Treatment of animals with the drug caused 
a phagocytosis of the tubercle bacilli by the 
polymorphonuclear leukocytes. In the 50 
patients treated, no change in the hemato- 
logic picture was encountered. The only toxic 
reaction was in one patient who developed 
such severe diarrhea that the drug had to be 
discontinued. Therapeutically, the drug had 
a definitely beneficial effect, as judged both 
by clinical and radiologic improvement. 
There was indication that it was also of con- 
siderable value as an adjunct to other drugs. 
J.51. may prove useful for chemotherapy 
over years rather than months, as improve- 
ment in several instances continued even 
after seven months of treatment.—A propos 
d’une nouvelle sulfone et de son intérét dans 
le traitement de la tuberculose pulmonatre, 
P. Weiller & M. Rymer, Poumon, November, 
1962, 8: 747.—(F. S. Lansdown) 


Combined Chemotherapy in Experimental 
Tuberculosis.—The effects of a combined 
regimen of chemotherapy were studied in 45 
experimentally infected tuberculous guinea 
pigs, of which 15 had been treated from the 
thirtieth post-infectious day on with 1 gm 
of p-aminosalicylic acid (PAS) a day orally 
and 6 mg. of streptomycin a day in two 
intramuscular injections; a second group of 
15 animals had received, in addition to the 
above regimen, potassium iodide in doses of 
80 mg. per kg. of body weight; and the third 
group of 15 animals had received no treatment 
at all. All the untreated controls died in less 
than 50 days from the date of infection with 
generalized progressive tuberculosis, with the 
exception of one which survived for 60 days 


The average survival rate from the thirtieth 


ABSTRACTS 


23 


post-infectious day on was, in the untreated 
control group, 13.2 days; in the group treated 
with PAS and streptomycin, 83 days; and in 
the group treated with PAS, streptomycin, 
and potassium iodide, 98 days. It is to be 
noted that in this latter group 4 animals were 
alive and in good condition 140 days after 
the infection, and they showed on_post- 
mortem examination only circumscribed pro- 
ductive tuberculous changes of a regressive 
type. The post-mortem examination of the 
animals subjected to treatment showed less 
extensive and fewer foci with a predominance 
of the lymphoid element in the tubercles, 
as was reported in earlier studies. It is con- 
cluded that potassium iodide is a useful 
adjuvant to the combined regimen of p 
aminosalicylic acid and streptomycin.—/l 
traitamento della tubercolosi sperimentale della 
cavia con l’assoctazione streplomicina-pas-jo 
duro di potassio, C. Ravazzoni & E. Chiti, 
Arch. E. Maragliano, May-June, 1952, 3: 
459.—(L. Molnar) 


PAS and Potassium Iodide in Experi- 
mental Tuberculosis.—The histologic changes 
in the liver, spleen, kidneys, and lungs were 
studied in 45 experimentally infected tuber 
culous guinea pigs, 15 of which had been 
treated with 0.20 gm. of p-aminosalicylic 
acid (PAS) in subcutaneous injections, 15 
with PAS and potassium iodide in a dosage 
of SO mg. per kg. of body weight, and 15 had 
not received any treatment. The medication 
was initiated twenty days after the experi 
mental infection. The histologic picture in 
the controls was that of severe, progressive 
tuberculous lesions, usually found in experi 
mental tuberculosis. The lesions in the guinea 
pigs treated with PAS were characterized by 
more limited areas of necrosis, by a more 
pronounced productive reaction, and by 
hyperemia. In the group of animals treated 
with PAS and potassium iodide, the conges 
tion of the organs was more evident and the 
caseous lesions were even more reduced in 
extent than in the previous group. In both 
groups which received chemotherapy, the 
lymphoid elements predominated over the 
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epithelioid cells so that the tubercles had a 


nonspecific appearance. The most striking 
observation in the group treated with PAS and 
potassium iodide was the considerable degree 
of congestion in the organs due to the potas- 
sium iodide. These histologic changes cor- 
responded to the more favorable therapeutic 
effects in earlier 
experiments with this combined treatment. 
It is concluded that the better therapeutic 


effect is due to the adjuvant congestive action 


which had been observed 


of the iodide, which disorganizes the structure 
of the tubercle and thereby promotes a better 
penetration of the drug into the pathological 
tissues. portamento istologico delle lesioni 
tubercolari della cavia osservata continuativa- 
durante il trattamento joduro di 
potassio, E. Chiti & C. Ravazzoni, Arch. E. 
Maragliano, May-June, 1952, 3: 429.—(L 


Molnar) 


mente pas 


Streptomycin and Potassium Iodide in 
Experimental The 
changes in the liver, spleen, kidneys, and 


Tuberculosis. histologic 


lungs were studied in 45 experimentally 
infected tuberculous guinea pigs, 15 of which 
had been treated with 6 mg. of streptomycin 
a day, 15 with 6 mg. of streptomycin and 
potassium iodide in a dosage of 80 mg. per 
kg. of body weight, and 15 had not received 
any treatment. The medication was initiated 
in both groups twenty days after the experi 
mental infection. The histologic picture in the 
controls was that of severe, progressive tuber 
culous lesions, usually found in experimental 
The both 
groups which had been under treatment were 
the 


development of the tuberculous process, by 


tuberculosis lesions observed in 


characterized by considerable delay in 


a smaller number of giant cells and by de- 
generative changes in their nucleus and cyto- 
plasm, and by a reduction in the extent of the 
involvement of the parenchyma. The only 
significant difference between the two groups 
was the more pronounced congestion in the 
organs of the animals which had received also 


potassium iodide. The predominance of the 


lymphoid elements over the epithelioid cells 


was more obvious in the liver and in the lungs, 


while in the spleen it was more difficult to 
distinguish the lymphoid elements from the 
lymphocytes of the splenic follicle. There 
were extensive degenerative of the 
tubuli in the kidneys, probably as a result of 
the severe infection. 
gico delle lesioni tubercolari della cavia os- 
servata trat 
amento con streptomicina e con l’associazione 


lesions 
Comportamento istolo- 
continuativamente durante il 
streptomicina—joduro di potassio,C. Ravazzoni 
& E. Chiti, Arch. E. Maragliano, May-June, 


1952, 3: 443.—(L. Molnar) 


and Undecylenic 
Approximately half 


Pulmonary Resection 
Acid for Blastomycosis. 
the cases of blastomycosis are cutaneous and 
about half are systemic. The lungs are in- 
volved in more than 90 per cent of the sys- 
temic cases and the pulmonary focus is usually 
responsible for dissemination. Surgery has 
not been used as planned therapy for systemic 
blastomycosis with a unilateral pulmonary 
lesion, although less than 10 per cent of the 
systemic live more than five 


cases years 


The survivors usually have a positive skin 
test and negative complement-fixation test. 
Of 2 patients with systemic blastomycosis, 
the first was treated by planned pneumonec 
and after 
Iodide therapy seemed to have little effect 


tomy died six months surgery 
on the lesions in his remaining lung. The 
diagnosis of the second patient was made 
after the lesion had been removed by pneu 
monectomy. A late spread occurred in spite 
of iodide therapy, but the disease was con 
trolled or cured by oral undecylenic acid 
In vitro, this acid inhibited the growth of 
Blastomyces dermatitidis at concentrations of 
10 mg. per 100 ml. Two months’ treatment 
the skin 


test became positive, and the general condi- 


eliminated the cutaneous lesions, 
tion of the patient was good eight months 
after surgery. The drug in combination with 
surgery seemed to have prevented certain 
death. It is suggested that 20 gm. of the acid 
be used daily for long periods; the patient 
reported received 10.5 gm. daily for four 
months without symptoms due to the drug 


No earlier report was found that any of the 


ip 

3 


fatty acids or their salts had been used to 
treat the deep mycotic infections Pul- 
monary resection and undecylenic acid in 
systemic blastomycosis, J. E. T. Hopkins & 
J dD. Murphy, J. Thoracic Surg., April, 
1952, 23: 409.—(R. E. MacQuigg) 


Antibiotics for Respiratory Infections. 
Penicillin aerosol is of special value in treat- 
ing bronchiectasis, although daily inhalations 
may be necessary for years to keep such pa- 
tients well. Penicillin aerosol should be used 
for at least three weeks in acute and chronic 
lung abscess. Significant improvement was 
achieved in 5S of 70 cases of bronchiectasis, 
in 46 of 50 cases of chronic bronchitis without 
bronchospasm, and in 97 of 200 cases of 
chronic bronchitis with bronchial asthma or 
the bronchospastic type of pulmonary em- 
physema. Aerosol therapy is effective in 
acute and chronic sinusitis. Inhalation of 
penicillin dust produces bronchospasm more 
often and is followed by lower blood levels of 
penicillin than is inhalation of the aerosol. 
In lobar pneumonia, intramuscular injection 
of penicillin produces high penicillin concen- 
trations in the sputum; this is usually not 
true in chronic bronchitis, bronchiectasis, 
and lung abscess. Inhalation of penicillin 
aerosol is followed by high sputum concentra- 
tions of penicillin. Sputum cultures after ef- 
fective penicillin treatment of infections by 
gram-positive bacteria consistently show 
gram-negative bacteria. Of 31 patients with 
bronchiectasis given one or more courses 
of aureomycin, terramycin, or chlorampheni- 
col, 26 showed significant improvement. Of 
45 patients treated with these broad-spectrum 
drugs for chronic bronchitis associated with 
bronchial asthma and pulmonary emphysema, 
37 showed significant improvement. The 
death of 7 of 81 patients treated with the 
broad-spectrum drugs was associated with 
the presence of highly resistant organisms 
The results of treating bronchiectasis and 
chronie bronchitis with the diethylamino- 
ethylester of penicillin by intramuscular in- 
jection are promising. Antifotic therapy in 
infections of the respiratory tract, A L. Barach, 
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H. A. Bickerman, & G. J. Beck, A. M. A 
Arch. Int. Med., December, 1952, 90: *0% 
(G. C. Leiner) 


Bacterial Susceptibility Tests.--There are 
now available two laboratory methods for 
determining bacterial susceptibility to anti 
biotics: the serial dilution test and the agar 
diffusion test. The serial dilution method is 
too time-consuming, laborious, and expensive 
for use in a busy bacteriological laboratory. 
In an agar diffusion test, filter paper dises 
serve as antibiotic reservoirs. The amount of 
each antibiotic placed on a dise corresponds 
to the average maximum blood concentra 
tions attainable in patients receiving definite 
dosages. The procedure is simple, rapid, and 
standardized. The primary criterion for dis- 
tinguishing between resistant and susceptible 
organisms is the presence or absence of zones 
of inhibition, regardless of diameter, sur 
rounding the filter paper dises. Bacterial 
susceptibility is a relative and not an absolute 
value and it is fallacious to insist on quan- 
titatively definitive values of inhibiting con 
centrations when the need is not indicated 
It is suggested that all susceptibility tests, 
serial dilution and agar diffusion, be used 
solely as a qualitative guide to distinguish 
between susceptible and resistant organisms 

Bacterial susceptibility to antibiotics: 11. 
Determination by means of a_ standardized, 
routine procedure having clinical significance, 
G. M. Eisenberg & B. M. Wagner, Am. J. M 


Sc., June, 1952, 223: GOO.—(W. J. Steininger) 


LABORATORY STUDIES 


Tuberculin Hypersensitivity.The tuber- 
culin reaction in the skin of animals passively 
sensitized by viable lymphocytes from tuber 
culous donors has been histologically examined 
and shown to be principally the same as the 
reaction in tuberculous animals. The observa 
tion of other workers that an early predomi 
nance of mononuclear cells is characteristic 
for the tuberculin reaction was confirmed 
(Author’s summary).—A_ histological study 


of the tuberculin reaction in animals with 
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passively transferred hypersensitivity, T. Wess- 
lén, Acta tuberc. Scandinav., 1952, 26: 176. 


(K. T. Bird) 


Humoral Immunity to Tuberculosis. 
The serum of certain persons untouched by 
tuberculous inhibitory 
effect on the growth of tubercle bacilli. It is 
capable of (1) inhibiting the proliferation of 


infection exerts an 


organisms in vitro; (2) of modifying the course 
of experimental tuberculosis in the guinea 
pig or even preventing it completely. Certain 
persons have a very mediocre inhibitory 
capacity, while in other cases it is particu- 
larly well developed (Author’s summary). 
Un aspect serique de Uimmunite dans la 
tuberculose, R. Benda & E. Orinstein, Rev. de 
la tuberc., 1952, 16: 962.—(V. Leites) 


Prevention of Pulmonary Overdistention. 
Approximately 85 per cent of the lung tissue 
was removed in stages from 10 dogs while 
overdistention of the remaining left upper 
lobe was partially prevented by inserting a 
plastic sponge into the thoracic cavity. The 
right ventricular were studied. 
Prevention of of the lung 
tissue reduced the amount of elevation in the 
following the 


pressures 
overdistention 
right ventricular 


pressure 


pneumonectomy. Simply removing all of the 


lung tissue except the left upper lobe always 
killed the dogs but, when overdistention was 
prevented, some dogs survived for weeks with 
only the left upper lobe remaining. They 
have the 
pulmonary vascular bed was protected from 


may survived because remaining 
abrupt overdistention until the vessels could 
increase gradually in size. The plastic sponge 
(Ivalon) used in this experiment was not a 
satisfactory prosthesis in the chest and should 
not be used in patients since it became 
the pericardium and might 

heart study to 
effect of over-distention of the 


adherent to 


interfere with action.— A 
determine Une 
remaining lung tissue on the elevated right 
ventricular pressures, following the resection 
of lung tissue in dogs, B. C. Charbon & W. E 
Adams, J. Thoracic Surg., April, 1952, 23: 


341.—-(R. E. MactQuigg) 


PUBLIC HEALTH AND EPIDEMIOLOGY 


Errors in Mass Radiography.—A study was 
made of errors in the “tentative”’ 
of 506 persons screened by 70 mm. photo- 
fluorograms and in the “presumptive” diag- 
noses of 14- by 17-inch 
The roentgenographic diagnoses were com- 
pared with clinical diagnoses based on two 
years of observation and/or treatment. From 
the data, one can expect an error of 10 to 15 
per cent in the diagnosis of tuberculosis by 
roentgenologists and cardiologists reading 
14- by 17-inch chest roentgenograms. Except 
for slight over-reading of the 70 mm. films, 
there were no significant quantitative differ- 
ences in the errors with the 70 mm 
pared with the 14- by 17-inch films. 
number of 
with the current miniature photofluorographic 


diagnoses 


roentgenograms. 


as com- 
The 
“missed cases’’ of tuberculosis 
mass screening technique is insignificant. 
Errors of diagnosis in mass radiography, L. E. 
Powers & W. 8S. Lainhart, Radiology, July, 
1952, 59: 8S—-(W. J. Steininger) 
Photofiuorographic Interpretation. To 
evaluate the reliability of photofluorographic 
reading, the individual variations in inter- 
preting photofluorograms and the degree of 
under- or over-reading were studied in two 
seriés of 35 mm. microfilms from the Danish 
Mass Campaign, each series including ap- 
2,500 Three highly 
experienced readers of photofluorograms ob 
tained widely different results in independent 
The number of 


proximately persons 


readings of the same films 
pulmonary cases selected for follow-up ex- 
aminations by one reader was two or three 
All three 


readers agreed in only 10 per cent of the films 


times as large as that of another 


selected for follow-up in the first series, and 
in 14 per cent in the second series. The dis 
crepancies usually were due to disagreement 
as to whether films were normal, and only 
rarely as to the diagnosis of abnormalities 
observed 
is, the 

repeated independent readings, was greater 
than the inter-individual consistency. Statis- 
tical differences 


Intra-individual consistency, that 


reader’s agreement with himself in 


between two populations 


dels 
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thus are more apt to be valid when the films 
are read by the same person. In one series 
of photofluorograms, 219 cases selected for 
follow-up by one or more of a panel of four 
readers were checked by large roentgenograms. 
If four readers agreed that the large film 
showed disease, the case was considered 
“truly positive”. There were 26 “truly posi- 
tive” 


cases. In spite of the over-reading of the 


cases (12 per cent) among the 219 


photofluorograms, none of the readers has 
seen all of these pulmonary lesions, and only 
11 of the 26 cases were selected for follow-up 
by all four readers. Follow-up cases were 
healed 


usually the pulmonary lesion was just not 


seldom misinterpreted as lesions ; 
seen. On the average, the single reader de 
tected only 68 per cent of the “truly positive” 
cases and found 2.5 “false positives” for each 
true one. Two readers independently examin 
ing the series found 84 per cent of the “truly 
positive” cases, that is, the second reading 


detected half of the cases missed by a single 


reading, but the pairs of readers also had an 
7 


“false positives” for each true 
called both of two 
readings contained only few ‘‘false positives”, 
a fact 
studies. In practical work, follow-up cannot 


average of 3 


one. Cases positive on 


which may be utilized in scientific 
be limited to such cases as the percentage of 
“true positives” on which both readers agree 
was less than that detected by a single reading. 
The reliability of the 


examination is less than was expected. To 


photofluorographic 


exclude pulmonary disease the “normal 


pulmonary picture” must be more rigidly 
defined. The 


examination 


efficiency of the photofluoro 


graphic can be immediately 
improved by independent dual readings, and 
in the Danish Mass 
On the reliability of the reading 
of dual 
Lowgreen, & 
1952, 


this is now being done 
Campaign 
of photofluorograms and the valu 
reading, E. Groth-Petersen, A 
J. Thillemann, Acta tuber 


26:13 K.T. Bird) 
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BCG Aerosol.—-Administration of BCG in 
the form of aerosol permits a great dispersion 


and avoids concentrating the vac 


cine at one point in the recipient. Of 26 
children with negative tuberculin reactions 
vaccinated with this method, 7 
the aerosol for one minute, 6 for two minutes, 
and 13 for five minutes. Exposure to BCG 
aerosol for one minute produced no tuberculin 


conversions; there were 2 conversions among 


were given 


the 6 children exposed for two minutes 
Exposure for five minutes produced conver 
sion in 12 of the 13 children. This method was 
as harmless as the other known methods of 
Routine 
vaccination 


vaccination roentgenograms two 
after 


normal findings. No constitutional reactions 


months revealed no ab 


were observed. Vaccination with aerosol has 
the advantage that local reactions are avoided; 
a certain number of persons actually refuse 
this type of vaccination for esthetic reasons. 
Aerosol vaccination should be strictly limited 
to tuberculin-negative persons. In the pres 
a positive tuberculin test, marked 
BCG 
par 
Maclouf & L. F 
1952, 16: 1016 


ence of 
febrile 


Aeros 


reactions may develop after 


Vaccination antituberculeuse 
aérosols de BCUG., A. C 
Fichez, Rev. de 
(V. Leites) 


la tube 


Graphite Pneumoconiosis.)f 53 workers 
handling crude graphite or engaged in the 
manufacture of crucibles for smelting, 15 
were found to have pneumoconiosis. Of these, 
3 showed Signs of pneumoconiosis in stage 
III, one in stage IT, one in stage I, and in 10 
there were early roentgenologic manifestations 
Ol pneumoconiosis Pneumoconiosis was ob 
served only in individuals who had been ex 
posed to graphite dust for at least fifteen 
years, with the exception of 3 grinders who, 
having been exposed to larger concentrations 
of dust, developed pneumoconiosis after a 
shorter period of exposure. Pneumoconiosis 


was associated with active tuberculosis in 
only one case, while old tuberculous lesions 
the basis of 
decided 


whether pneumoconiosis in graphite workers 


were observed more often. On 


available evidence, it cannot be 
1S due to the graphite itself or to the presence 
Sta thlunge n 


Vf ille r 


of free silica in the mineral 


verdnderung bei Graphit-Arbeitern, H 


or 
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Fortschr. a. d. Geb. d. Réntgenstrahlen, April, 
1952, 76: 452 L. Molnar) 
Graphite Pneumoconiosis.-A fatal case 
of pneumoconiosis occurred in a worker who 
had been exposed for twenty-one years to 
graphite and carborundum dust. The clinical 
course characterized by progressive 
pulmonary fibrosis with the roentgenographic 
picture of disseminated nodular densities in 
both lung fields and a tendency to form con- 
The gross pathologic 


Was 


glomerate shadows 
and microscopic appearance of the lungs did 
not differ from that of a mixed pneumoconio 


sis, in particular silicoanthracosis. Crystal 


lographic and roentgenographic analysis of 
the inorganie residue of the lungs revealed 
the presence of only graphite and carborun 
dum but of no free silica. The interest of this 
case lies in the fact that, despite an extensive 
pulmonary fibrosis with the clinical, roent 
genographic, and pathologic features of a 


pneumoconiosis, the analysis of the residue 


of the lung excluded the presence of free 

silica. Experimental studies confirmed the 

possibility of pure graphite dust, without the 

J. 

Riittner, P. Bovet, & M. Aufdermaur, De ulsche 

med. Wehnschr., 1952, 45: 1413 
(L. Molnar) 
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Vital correlation... 


Whether pastime or profession ... much de- 
pends upon the combination of knowledge, 
skill, tools, and materials. To the experienced 
radiologist, this means the precise correlation 
of advaneed equipment and finest materials . . 
a problem satistactorily solved by all who de- 
pend upon Kodak x-ray film and processing 
chemicals—products of highest quality —each 


made to work with the other. 


bor superior radiographic results, 


follow this simple rule: 


Use Kodak 
Blue Brand 
X-ray Film 


Prov ess in 


Kodak Chemicals 


(LIQVULD OR POWDER) 


Order from your x-ray dealer 


EASTMAN KODAK COMPANY, Vedical Division, Rochester 1, New York 


ty / 
= 
‘Tea 
é 
‘ "Je. 


THE AMERICAN REVIEW OF LOSTIS 


WHEN DIETARY 
SUPPLEMENTATION 
1S NEEDED... 


what more 
could supplement provide 


If the concept of an ideal dietary supplement could be 
formulated, it might well be one that provides qualitatively 
every substance of moment in human nutrition. It would pro- 
vide those for which human daily needs are established as 
well as others which are considered of value, though their 
roles and quantitative requirements remain unknown. 

How Ovaltine in milk approaches this concept, and how 
well the recommended three glassfuls daily augment the nutri- 
tional intake, is shown in the appended table. The two forms 
available and chocolate flavored are 


of Ovaltine plain 


closely alike in their nutrient values. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


Three Servings of Ovaltine in Milk Recommended for 
Daily Use Provide the Following Amounts of Nutrients 


*CALCIUYV 
CHLORINE 
COBALT 
COPPER 
FLUORINE 
tODUNE 

RON 
MAGNESIUM 
MANGANESE 

*PHOSPHORU 
POTASSIUM 
SODIUM 

ZING 


*Nutrients for which daily dietary allowances are recommended by the National Research Council 


(Each serving made of 


MINERALS 


*PROTEIN (biologs 


*CARBOHYDRATE 


“LIPID! 


whole milk 


VITAMINS 


ASCORBIC 
BIOTIN 

CHOLINE 

FOLIC ACID 
NIACIN 
PANTOTHENIC 
PYRIDOXINE 
RIBOFLAVIN 
THIAMINE 


"VITAMIN A 


VITAMIN B 

VITAMIN D 
32 Gm 
65 Gm 


20 Gm 


ie 
| 
¢ 
‘ ‘ ‘ 
07. of Ovaltine and 8 fi. oz. of 
1.12 Gm me 
100 mg 003 me 
ne 
‘ 
me 
m 6.7 me 
m me 
im me 
1300 1200 10 
560 m 005 mg 
420 1U 
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HE AVERICAN REVIEW OF TE BERCTLOSIS 


New principle 


The hazard of ototexicity is greatly reduced by — cin) is greatly reduced, Therapeutic effect is 


combining equal parts of streptomycin sulfate undiminished, This principle has been demon- 


and dihydrostreptomycin sulfate. The patient strated in both animals and man. In patients 


thus gets only Aalf as much of each drug. The — treated for 120 davs with 1 Gm. per day of the 


risk of vestibular damage (from streptomycin) — combined drugs, the incidence of neurotoxicity 


and of hearing loss (from dihydrostreptomy- — was practically zero, 


Cat treated with streptomycin is ataxic, Cat treated with the same amount of 
has 


normal equilibrium. 


D 4 STRYC i Ni Squibb Streptomycin Sulfate and 
Dihydrostreptomycin Sulfate in equal parts 


(di-STRI-sin) 


| 
FOR GREATER SAFETY IN COMBINED ANTIBIOTIC THERAPY 


These new formulations embody this new principle: 
DISTRYCIN DICRYSTICIN DICRYSTICIN FORTIS | DISTRYCILLIN AS. 
Streptomycin sulfate, Gm. 0.5 0.25 0.5 0.25 
Dihydrostreptomycin sulfate, Gm. 0.5 0.25 0.5 0.25 
Procaine penicillin G, units —_— 300,000 300,000 400,000 
Potassium penicillin G, units 100,000 100,000 
(All supplied in 1 and 5 dose vials) 


SQUIBB 
*Distrycin’ and ‘Dicrysticin’ are registered trademarks; a leader in the research and manufacture 
*Distrycillin® is a trademark. of penicillin and streptomycin 
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THRE AWVERTIE 


Reading clockwise 


GIERTZ-SCHOE MAKER RIB SHEARS 
Th 555 Length 10”, $60.00 each 


SEMB RIB SHEARS 
Th 580 Length 1014", $66 


S40 ERBRUCH-FREY RIB SHEARS 
Th 590 Length 15”, adult size, $82 40 each 


LEBSCHE STERNUM CHISEL 
Th 620 Length 10", $22.35 eacl 


S4U ERBRUCH DOUBLE ACTION RIB 
RONGEUR 

Th 675 Length 12", curved jaws 

17 mm. square bite, $66.95 each 
Th 685 Length 12”, curved jaw 
17 mm_ round bite, $66.95 each 


SEVMB RIB RONGEULR 
Th 705 Length 10”, $66.95 each 


IV REVIEW OF TE BERCULOSIS 


RUSTLESS 
STAINLESS STEEL 
MADE IN U.S.A. 


Headquarters 
for 


Thoracic Instruments 


Order direct from 


GEORGE P. LEE] & SON CO. 


3451 WALNUT STREET + PHILADELPHIA 


INSTRUM 

ORACIC SURGERY 
FOR TH 

— 

4 

| 
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Terramyecin 
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treatment r indicati 
for therapy with well tolerated = 
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THRE AMERICAN REVIEW OF TE BERCULOSIS 


Why Over 3,500 TB 
Case-Finding Projects, 
Annually Use ° 


POWERS 
X-RAY HOSPITAL MATTRESSES 


RES T-RITE has developed a completely new kind 


SERVICE of Innerspring General Hospital Mattress to save 
an average of your investment during 10 
years. The miracite “Syko'' covering makes pos- 


sible this economy 


Rubber sheets or plastic covers are not needed It 
is impervious to body fluids and wastes—easily 


28 
cleaned with soap and water tor immediate re- 
use. Non-irr.tating to the skin. almost inde- 
structible. fire resistant. comfortable. cotton 


sheets srmooth 
> For complete information, sample of the super- 
tough ‘‘Syko'’ covering, and SPECIAL INTRO- 

POWERS SE 0 £ DUCTORY OFFER. write to— 

RVICE 1S COMPLETE! 
Powers rele ves project SPpolisors ot all THE REST-RITE BEDDING co. 
technical problems Our experienced 
technicians work to the sponsors 
schedule, with units able to take as 
many as 200 chest x-ravs an hour. We 
deliver fully processed x-rays, with a 
viewer, to sponsors roentgenologist 


@ LOWER IN COST! The large volume 
of x-ravs Powers handles nationally 


enables us to cut overhead costs to a Clasificacion Vv 


minimum for each individual project 


EFFICIENT! Qui 20 \vears of experi Diagnostico Standard 


ence in chest \-rav surveys trom Maine 
to Texas have taught us to do the job 
quickly and effectively under many 
diverse conditions First published by the Natronal 
in and mow regular 


FLEXIBLE! According to the spon than this aceepted authertt 


standard tests and classifpentiar 


Mattresses since 1898 
207 North Main St. Mansfield, Ohio 


Now Atailable in Spanish 


(DIAGNOSTIC STANDARDS) 


sors requirements, Powers offers on terminolog 


either the full-size roll paper method in Gas now teen 
or the 70 1 yhotofl rraph Rpanish by Professor H.Orrego af the 

of Chile Faecult of Mecdteine | 
method — and operates either portable ‘ s Raul F. Vaceareza, Ignacio Baldo 
units or mobile units with generators. Armancde Alonse, sme is interests 
the form of a Of page 
cents 


To cover handling costs. price 
Amerean tands oor the equivalent 
iblished Your order is eordiall teal 


Our technical advisory service 
is available without obligation 
Write before you plan a TB 
Case-Finding Project! 


DR. ORREGO PLELMA 


POWERS X-RAY PRODUCTS, INC. Hospital det Salvador. 


58 Vicuna Mackenna, Santiago, Chile. 


GLEN COVE, LONG ISLAND, N.Y 
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WANTED:—Staff physician for approved county tuberculosis hos- 
pital, American citizenship and Ohio license necessary. Attractive 
salary. Box 118, American Review of Tuberculosis, 280 Madison 
Ave., N. Y. 16, N. Y¥. 


TUBERCULOSIS:—Resident and assistant residents for new 440 


bed division of large general hospital. Complete medical, surgical, 
and pathological facilities. Excellent training program, medical 
school affiliation. East coast city. Box 120, American Review of 
Tuberculosis, 280 Madison Ave., N. Y. 16, N. Y. 


POSITIONS AVAILABLE 


WANTED:—Assistant medical director for a large tubercu- 
losis hospital in Michigan. Must have experience and be eligible 
for Michigan license. Excellent salary offered. Box 124, American 
Review of Tuberculosis, 280 Madison Avenue, N. Y. 16, N. Y. 


THORACIC SURGERY RESIDENT:—Residency approved by 
Board of Thoracic Surgery and Council of Medical Education and 
Hospitals. $300 per month, plus maintenance. Require U.S.A. 
citizen, eligible Ohio license. Box 125, American Review of Tuber- 
culosis, 280 Madison Ave., N. Y. 16, N. Y. 


PHYSICIANS:—full time, for new 440-bed tuberculosis division 
of large general hospital. Associated with two medical schools for 
teaching purposes; opportunity for research. Complete medical, 
surgical, and pathological facilities. There is a house staff includ- 
ing rotations from genera! hospital staff. Salary governed by back- 
ground of training and experience. Box 121, American Review of 
Tuberculosis, 280 Madison Ave., N. Y. 16, N. Y. 


ASSISTANT MEDICAL DIRECTOR WANTED for 225-bed san- 
atorium in Birmingham, Alabama. For details write Arthur J. 
Viehman, M.D., Superintendent, Jefferson Tuberculosis Sanatorium, 
Birmingham 9, Ala. 


STAFF POSITIONS:—Open at state tuberculosis sanatorium in 
Pacific Northwest for general or special physicians. Give full 
qualifications, training, etc. Box 108, American Review of Tuber- 
culosis, 280 Madison Ave., N. Y. 16, N. Y. 


STAFF PHYSICIAN :—new 120-bed hospital. Salary $649 to $811. 
California License necessary. Inquire: Supt., San Mateo County 
Sanatorium, 200 Edmonds Road, Redwood City, Calif. 


Wisconsin, Milwaukee—Muirdale Sanatorium—Physician II and 
III (Tuberculosis) Salary—for 1953, $6999.48 to $9349.92 per annum. 
fhitial salary dependent upon training and experience. Affiliation 
with Marquette University School of Medicine; teaching responsi- 
bilities in hospital; institution has associated non-tuberculosis 
chest service at Milwaukee County Hospital; full diagnostic, surgi- 
cal, and consultation facilities available for credit toward Board 
of Internal Medicine. Must be eligible for Wisconsin license. 

Candidates rated on prescribed credentials. Sound annuity and 
pension system for those who qualify therefor. Muirdale Sana- 
torium located in accredited medical center contiguous to City of 
Milwaukee. For information and application apply Milwaukee 
County Civil Service Commission, Room 206, Courthouse, Mil- 
waukee 3, Wis. 


IMPORTANT ANNOUNCEMENT 


THE AMERICAN REVIEW OF TUBERCULOSIS has made available to its readers a 


section devoted to classified advertising pertaining to positions available and wanted. Since 
there have been so many requests for this type of service in the tuberculosis field, the 
Editorial Board of THE AMERICAN REVIEW OF TUBERCULOSIS decided to include 


a classified section at a nominal charge for each entry. 


© Cost per advertisement of 25 words or less will be 
$3.50, additional words 15 cents each. 

* Bold Face Semi-display will be $5.00 per inser- 
tion for 25 words or less, additional words 20 


cents each. 


280 MADISON AVENUE 


* Post Office Box numbers will be an additional 75 
cents per advertisement. 
© Address all classified advertisements, with check or 
money order enclosed, to: 


THE AMERICAN REVIEW OF TUBERCULOSIS 


Marray Hill 5-8140 


NEW YORK 16, N. Y. 
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FEWER TABLETS 


17 BUFFERED PARASAL-INH 
tablets replace 28% tablets 
(24 Sod. PAS 0.5 Gm. plus 
4% INH mg.)... 


GREATER ECONOMY 
AND CONVENIENCE | 


Because far fewer tablets are 
required, medication cost is 
correspondingly low . . . 


VIRTUALLY PREVENTS Gis! 


The unique buffer incorporated in 
each tablet virtually prevents 

GI upset — even in cases intolerant 
to ordinary Sodium PAS and INH 
taken separately. 


SODIUM AND SUGAR-FREE 


BUFFERED ‘PARASAL’-INH is an 
effective, well tolerated, single 
dosage form for combined PAS-INH 
chemotherapy. Uncoated tablets 

are rapidly absorbed. 


tablet contains BUFFERED 
PARASAL (PAS) 0.5 Gm. 
and INH 12.5 mg. 


Dosage Equivalents 


SUFFERED ‘PARASAL rorat complete information, 


Total Daily Tablets 
{ CORP. 


340 CANAL STREET, N.Y.13, N.Y. 
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